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This  s t u d y  was concerned w i t h  surveying  and e v a l u a t i n g  
r e s e a r c h  f i n d i n g s  r e p o r t i n g  expec ted  a s t r o n a u t  performance 
c a p a b i l i t y  i n  t h e  l u n a r  environment. Based on t h e  a n a l y s i s  
o f  r e s e a r c h  r e p o r t s ,  problem a r e a s  f o r  performance were 
i d e n t i f i e d  and d e s c r i b e d  and requi rements  f o r  a d d i t i o n a l  
r e s e a r c h  were de f ined .  
P r i n c i p a l  conc lus ions  drawn from t h e  r m i e w  and 
assessment  o f  r e s e a r c h  a r e  t h a t  t h e  f i n d i n g s  a r e  g e n e r a l l l y  
incomplete ,  sometimes q u e s t i o n a b l e ,  and even c o n t r a d i c -  
t o r y ,  and t h a t  a s t r o n a u t s  performance w i l l  be adve r se ly  
a f f e c t e d  by t h e  l u n a r  environment. The e x t e n t  o f  t h i s  
performance deg rada t ion ,  a s  w e l l  a s  recommendations f o r  
reducing t h e  problems through t r a i n i n g ,  a p p l i c a t i o n  o f  
eng ineer ing  judgment, o r  m o d i f i c a t i o n  o f  p rocedures  must 
awai t  t h e  conduct  o f  more r e p r e s e n t a t i v e ,  g e n e r a l i z a b l e ,  
and methodologica l ly  v a l i d  r e s e a r c h .  
The pr imary  recommendation p r e s e n t e d  i n  t h i s  r e p o r t  
i s  t h a t  an a s t r o n a u t  performance r e s e a r c h  program be 
developed immediately which w i l l  focus  on t h e  r e s e a r c h  
problems, gaps i n  a v a i l a b l e  d a t a ,  and t h e  i n t e g r a t i o n  of  
r e s u l t s  from d i f f e r e n t  s t u d i e s .  A second recommendation 
formula ted  i n  t h i s  s t u d y  is  t h a t  emphasis be p l aced  on t h e  
combined e f f e c t s  o f  m u l t i p l e  f a c t o r s  of  t h e  l u n a r  environ-  
ment r a t h e r  t han  r e l y i n g  on a n a l y s i s  o f  i n d i v i d u a l  e f f e c t s  
f o r  d e s c r i b i n g  expec ted  performance.  
CHAPTER I .  
INTRODUCTION AND SCOPE 
A s  luna r  missions of t h e  f u t u r e  a r e  be ing  planned, a  g r e a t  
amount of a t t e n t i o n  i s  be ing  devoted toward d e f i n i n g  t h e  s c i e n t i f i c  
o b j e c t i v e s  of t h e  missions and experimental  procedures t o  be 
followed during each mission. Experiments a r e  being designed 
i n  t h e  a r e a s  o f  geodesy, car tography,  geology, geophysics,  geo- 
chemistry,  astronomy, b iosc ience ,  atmosphere measurement, 
and p a r t i c l e s  and f i e l d s .  These experiments have, a s  t h e i r  prime 
o b j e c t i v e ,  t h e  s c i e n t i f i c  i n v e s t i g a t i o n  of  t h e  lunar  su r face ,  sub- 
s l r f ace ,  topography, magnetic f i e l d s ,  r a d i a t i o n  and thermal environ- 
ment, and atmosphere. The major i ty  of  t h e  experiments c u r r e n t l y  
be ing  designed p l a c e  heavy emphasis on a  human o p e r a t o r ,  monitor,  
and dec i s ion  maker t o  s e l e c t  samples, i d e n t i f y  unforeseen events ,  
deploy appara tus ,  and observe instruments  and environmental 
cond i t ions .  
Since t h e  r o l e  of t h e  man i s  c r i t i c a l  i n  t h e  exp lo ra t ion  and 
i n v e s t i g a t i o n  of t h e  moon, it i s  e s s e n t i a l  t h a t  t h e  c a p a b i l i t i e s  
and l i m i t a t i o n s  of  an a s t r o n a u t  i n  t h e  lunar  environment be care-  
f u l l y  s p e c i f i e d .  Only a  complete understanding of t h e  range of 
performance c a p a b i l i t i e s  and s a f e t y  of t h e  a s t r o n a u t  w i l l  a s s u r e  
opt imal  a l l o c a t i o n  of  system funct ions  t o  man o r  machine, e f f e c t i v e  
design o f  equipment which i n t e r f a c e s  wi th  t h e  man, and optimal 
u t i l i z a t i o n  of  h i s  time. 
Needs f o r  a  thorough understanding of a s t r o n a u t  performance 
and s a f e t y  requirements on a  lunar  mission l ead  t o  a  genera l  
requirement f o r  a  r e sea rch  program t o  d e f i n e  c a p a b i l i t i e s  and 
l i m i t a t i o n s  of a s t r o n a u t s  t o  perform s p e c i f i c  missions.  This 
r e sea rch  program should p a r a l l e l  t h e  programs be ing  developed 
f o r  t h e  s c i e n t i f i c  a r e a s  of lunar  geology, geochemistry, e t c .  
The a s t r o n a u t  performance resea rch  program should spec i fy  ind iv idua l  
s t u d i e s  t o  be performed t o  i d e n t i f y  a s t r o n a u t  c a p a b i l i t i e s  and 
p o t e n t i a l  problem a r e a s  and s a f e t y  hazards,  and t h e  time sequenc- 
ing o f  these  s t u d i e s .  The resea rch  program i s  d i r e c t e d  toward 
t h e  dual  o b j e c t i v e s  of  d e f i n i n g  a s t r o n a u t  performance c a p a b i l i t i e s  
i n  t h e  lunar  environment and support ing t h e  manLmachine i n t e r f a c e  
des ign ,  o p e r a t i o n a l  procedures ,  dec i s ion  r u l e s ,  and t r a i n i n g  
requirements a s s o c i a t e d  wi th  these  i tems. 
To d a t e  a l l  t h a t  is known concerning a s t r o n a u t  performance/ 
s a f e t y  cons ide ra t ions  on t h e  moon has been developed from e a r t h  
based s imula t ions  of t h e  lunar  environment o r  from a n a l y t i c a l  
eva lua t ions  of expected c a p a b i l i t i e s  based on a v a i l a b l e  da ta  con- 
ce rn ing  s p e c i f i c  environmental f a c t o r s .  Simulation s t u d i e s  
inc lude  i n v e s t i g a t i o n s  of a s t r o n a u t  performance i n  t h e  g r a v i t a t i o n a l ,  
t opo log ica l ,  and l i g h t i n g  environment of  t h e  moon. The degree o f  
f i d e l i t y  of t h e s e  s imula t ions  has been a  problem pr imar i ly  due t o  
t h e  c o n s t r a i n t s  imposed by t h e  s imula t ion  techniques and due t o  
i n s u f f i c i e n t  understanding of  the  combined e f f e c t s  of  i n t e r a c t i n g  
environmental f a c t o r s .  The da ta  concerning t h e  lunar  environment, 
o b t a i n e d  from Ranger, Surveyor ,  and Lunar O r b i t e r  mi s s ions ,  
S o v i e t  Luna mis s ions ,  t e l e s c o p e  o b s e r v a t i o n s ,  photomet r ic  
s t u d i e s ,  and v i s u a l  r e p o r t s  o f  Apollo V I I I  a s t r o n a u t s ,  
d e s c r i b e  an environment which i n  many r e s p e c t s  i s  a lmost  
comple te ly  novel  and which can be expected t o  a d v e r s e l y  
a f f e c t  a s t r o n a u t  performance and s a f e t y .  The p r e s e n t  s t u d y  
was concerned w i t h  surveying  and analyzing r e s e a r c h  f i n d i n g s  
r e p o r t i n g  p o t e n t i a l  problem a r e a s  f o r  a s t r o n a u t  performance 
and c i t i n g  t h e  t ype ,  degree ,  and e f f e c t  o f  expec ted  pe r -  
formance decrements.  
The r e p o r t  of  t h i s  s t u d y  i s  p r e s e n t e d  i n  two volumes. 
Volume I c o n t a i n s  a  summary d e s c r i p t i o n  o f  t h e  o p e r a t i o n a l  
environment,  i nc lud ing  t h e  l u n a r  environment and t h e  space  
s u i t  environment, a  summary d e s c r i p t i o n  o f  miss ion  oper-  
a t i o n s ,  and a  d e t a i l e d  d e s c r i p t i o n  o f  problem a r e a s  iden-  
t i f i e d  f o r  performance o f  miss ion  o p e r a t i o n s  i n  t h e  
o p e r a t i o n a l  environment. This  volume a l s o  c o n t a i n s  an 
assessment of  requi rements  f o r  a d d i t i o n a l  r e s e a r c h ,  inc lu- .  
d ing d e s c r i p t i o n s  of i n d i v i d u a l  s t u d i e s  and d e f i n i t i o n  o f  
t h e  a s t r o n a u t  performance r e s e a r c h  program. A d e s c r i p t i o n  
o f  c a n d i d a t e  exper iments  f o r  a s t r o n a u t  performance on t h e  
l u n a r  s u r f a c e ,  dur ing  E a r l y  Apollo miss ions ,  i s  p re sen ted .  
F i n a l l y ,  a  l i s t i n g  is p r e s e n t e d  o f  impor tan t  conc lus ions  
drawn from t h e  s tudy  and recommendations a s s o c i a t e d  w i t h  
each conclusion. 
Volume I1 of t h e  s tudy r e p o r t  i s  concerned wi th  t h e  
d e t a i l e d  d a t a  from which eva lua t ions ,  conclusions,  and 
recommendations included i n  Volume I were der ived.  These 
suppor t  d a t a  a r e  i n  t h r e e  genera l  a reas :  lunar  environment; 
mission,  equipment, and opera t ions  ; and research  f ind ings  
concerning a s t r o n a u t  performance and s a f e t y .  The resea rch  
f ind ings  begin wi th  a  d i scuss ion  of  s imula t ion  techniques 
and proceed through a  survey and a n a l y s i s  of  empir ica l  
d a t a  concerning v i s u a l  performance, motor performance, 
s p a t i a l  o r i e n t a t i o n ,  phys io log ica l  f a c t o r s ,  r a d i a t i o n  s a f e t y ,  
and h a b i t a b i l i t y .  
CHAPTER I1 
DESCRIPTION OF THE OPERATIONAL ENVIRONMENT 
On the lunar surface the astronaut will perform mission 
operations in an environment which is both novel, in terms 
of earth standards, and constraining, in terms of the 
utilization of full performance capability. The primary 
elements of this environment are the lunar environment itself 
and the pressure suit. Features of the lunar environment 
which conceivably could influence human performance are: 
the lunar lighting effects, reduced gravity, surface 
topology, absence of appreciable atmosphere, temperature 
levels and variations, and radiation levels. These aspects 
are described in greater detail in Volume 2 of this report. 
A summary of the significant features will be discussed in 
this section. 
2.1 Lunar Environment 
The most dramatic characteristics of the lunar environ- 
ment, in terms of effects on astronaut performance, will 
be the lunar lighting, gravitational field, and surface 
topography. Due to the almost complete absence of an 
atmosphere the sunlit moon will exhibit little or no 
diffusion of light from atmospheric scattering. The effect 
of this absence of diffusion will be manifested in extremely 
sharp contours between illuminated areas and shadows. Due 
t o  t h e  extreme roughness and p o r o s i t y  of t h e  su r face ,  t h e  
, r e f l e c t i o n  of l i g h t  on t h e  moon is c h a r a c t e r i z e d  by a  s t rong  
r e t r o - r e f l e c t i o n  where t h e  ma jo r i ty  of l i g h t  i s  r e f l e c t e d  back 
along t h e  pa th  of incidence.  The e f f e c t  of t h i s  back 
s c a t t e r i n g  i n  conjunct ion wi th  t h e  minimal atmospheric d i f f u s i o n  
w i l l  be such t h a t  t h e  amount of l i g h t  a v a i l a b l e  t o  t h e  eye 
w i l l  vary f o r  d i f f e r e n t  a s t r o n a u t  look angles .  This r e t r o -  
r e f l e c t i o n  e f f e c t  accounts f o r  t h e  uni formi ty  of s u r f a c e  
b r i g h t n e s s  over t h e  su r face  of t h e  moon, a s  viewed from e a r t h ,  
and a l s o  f o r  t h e  f a c t  t h a t  maximum b r i g h t n e s s  i s  achieved a t  
f u l l  noon where t h e  i l lumina t ion  angle  and t h e  angle  of obser- 
va t ion  a r e  n e a r l y  coinc ident .  
Due t o  t h e  low albedo of t h e  lunar  su r face ,  only an 
average of seven pe rcen t  of t h e  i n c i d e n t  l i g h t  i s  r e f l e c t e d .  
I n  f u l l  s u n l i g h t  t h e  average b r i g h t n e s s  of t h e  su r face  i s  
840 f o o t  lamberts while  i n  f u l l  e a r t h s h i n e  t h e  average i s  
,0875 f t .  L. A s  i nd ica ted  i n  F igure  3 of Volume I1 (page 23)  
840 f t .  L. is  comparable wi th  t h e  average b r i g h t n e s s  of t h e  
sky on a  cloudy day, whi le  .0875 f t .  L. corresponds t o  t h e  
minimum l i g h t  r equ i red  t o  r ead  a c h a r t .  
The g r a v i t a t i o n a l  environment of t h e  moon i s  approximately 
one s i x t h  t h a t  of e a r t h .  The a s t r o n a u t  w i l l  t h e r e f o r e  weigh 
one s i x t h  of h i s  e a r t h  weight and should be a b l e  t o  apply 
f o r c e s  t o  achieve e f f e c t s  s i x  t o  seven t imes g r e a t e r  than  
those  r e a l i z e d  on e a r t h  f o r  t h e  same fo rces .  
The s u r f a c e  s t r u c t u r e  o r  topography of t h e  moon w i l l  
i n f luence  two aspec t s  of a s t r o n a u t  performance: v i s u a l  
performance through i t s  appearance and l i g h t  r e f l e c t i n g  p r o p e r t i e s ,  
and motor performance, through i t s  cohesiveness ,  r e g u l a r i t y ,  
and s lope .  The p r e c i s e  na tu re  of t h e  lunar  su r face  is  s t i l l  
i n  ques t ion ,  even wi th  t h e  d a t a  a v a i l a b l e  from Surveyor and 
Russian Luna missions.  Some i n v e s t i g a t o r s  s t i l l  c l i n g  t o  
t h e  d u s t  theory.  Hopke, a s  l a t e  a s  1967, s t a t e d  t h a t ,  based 
on photometric d a t a ,  t h e  s u r f a c e  of t h e  moon i s  very porous 
and inter-connected,  t h a t  c o n s t i t u e n t  p a r t i c l e s  of t h e  m i c r o r e l i e f  
a r e  uniformly f i n e ,  and t h a t  t h e  cohesion among p a r t i c l e s  
i s  s l i g h t ,  The s u r f a c e  i s  t h e r e f o r e  covered t o  an unknown 
depth by a l a y e r  of rock d u s t  arranged i n  loose  clumps 
very under-dense and compressive. 
Largely based on f ind ings  from unmanned lunar  landings 
(Surveyor and ~ u n a )  t h e  genera l  opinion among s c i e n t i s t s  
today i s  t h a t  t h e  s u r f a c e  i s  cohesive and has  t h e  cons is tency 
of wet sand on e a r t h .  The importance of determining t h e  
p r e c i s e  n a t u r e . o f  t h e  extreme s u r f a c e  p r i o r  t o  a manned 
landing i s  obvious. I t  must be assured t h a t  t h e  su r face  
can support  t h e  LM v e h i c l e ,  and t h e  explor ing  as t ronau t .  
The p o s s i b i l i t y  t h a t  t h e  LM descent  engine plume w i l l  cause 
a d u s t  cloud i n  t h e  f i n a l  s t a g e s  of landing which w i l l  obscure 
t h e  a s t r o n a u t ' s  v i s u a l  con tac t  with t h e  landing s i t e  must 
be a sce r t a ined .  F i n a l l y ,  t h e  n a t u r e  of t h e  su r face  i n  
terms of i t s  e f f e c t  on a s t r o n a u t  locomotion and mobi l i ty ,  
maintenance of balance and t r a c t i o n ,  and assoc ia ted  energy 
expenditures  must be determined. 
2.2 The Pressure  S u i t  Environment 
When opera t ing  on t h e  lunar  s u r f a c e  t h e  a s t r o n a u t  must 
contend wi th  n o t  only t h e  cons t ra in ing  f a c t o r s  of t h e  l u n a r  
environment, b u t  a l s o  wi th  t h e  l i m i t a t i o n s  t h a t  h i s  s u i t  p l aces  
on v i s u a l  and motion performance. C h a r a c t e r i s t i c s  of t h e  A7L 
s u i t  a r e  descr ibed  i n  Sect ion  4.2.8.3 of Volume 11. While 
performance s tandards  f o r  t h i s  s u i t  a r e  n o t  a v a i l a b l e ,  
s p e c i f i c a t i o n s  f o r  t h e  A6L s u i t  were acquired from NASA-MSC. 
The sun v i s o r  a s soc ia ted  with t h i s  s u i t  w i l l  t r ansmi t  18 t o  
22 pe rcen t  of t h e  a v a i l a b l e  l i g h t ,  whi le  t h e  combination of  
t h e  sun v i s o r ,  impact, and p ressu re  v i s o r s  w i l l  t r ansmi t  
only  10 percent  of t h e  l i g h t .  The f i e l d  of view through 
t h e  v i s o r  i s  90 degrees upward, 105 degrees downward, and 
120 degrees r i g h t  and l e f t .  The neoprene glove assembly is 
such t h a t  t h e  r i g h t  hand f i n g e r  d e x t e r i t y  i s  65 pe rcen t  nude 
hand c a p a b i l i t y  f o r  one h a l f  inch p ins ,  and 33 percent  f o r  
q u a r t e r  inch p ins .  Time t o  a c t i v a t e  pushbuttons wearing t h e s e  
gloves was noted t o  be 40 percent  g r e a t e r  than t h e  nude hand c a p a b i l i t y  
whi le  f o r  knobs and togg le  switches t h e  percentages were 
70 and 60 percent  g r e a t e r  r e spec t ive ly .  
The important  f a c t o r  t o  consider  when analyzing t h e  
o p e r a t i o n a l  environment and i t s  p o t e n t i a l  e f f e c t  on a s t r o n a u t  
performance is that even though it is meaningful to assess 
effects of components of the environment (gravity, lighting, 
space suit, etc.), in the actual situation the astronaut 
will be subjected to the total environment. It is important, 
therefore, to consider the interactive effects of the various 
components once the influence of each element has been 
determined. 
CHAPTER 111 
MISSION REQUIREMENTS FOR ASTRONAUT PERFORMANCE 
In surveying the multitude of manned lunar explorations, 
mission segments, and mission operations currently being 
planned, contemplated, and discussed, a logical distinction 
was made in terms of short duration early missions and long 
duration later flights, Stage I missions are characterized 
by short lunar stay time, limited surface mobility, and 
emphasis on verification of equipment and human performance 
as well as acquisition of scientific data. Stage I1 missions 
comprise lunar stays ranging from several days to six months. 
These missions represent an order of magnitude greater than 
those of Stage I in terms of operational complexity, support 
requirements, and engineering considerations. 
Stage I involves Early Apollo and Apollo. The Early 
Apollo, the first manned lunar landing, involves a stay time 
of approximately three hours of which two hours will be spent 
with an astronaut actually on the surface. Surface activities 
currently planned for this mission comprise LM vehicle exterior 
inspection, local area exploration, collection of samples, 
and deployment of the Early Apollo Scientific Experimental 
Payload (EASEP). This payload consists of three separate 
experiments which include the Passive Seismic Experiment, 
the Laser Ranging Retro-Reflector Experiment, and the Solar 
Wind Experiment. Deployment of these experiments will require 
the astronaut to unstow the packages from the Scientific 
Equipment Bay compartments of the LM, select a deployment 
site, carry the packages to the site, assemble the experiment 
and emplace it on the site. Specific deployment activities 
and time lines are presented in Tables 8 and 9 of Volume II. 
The highest priority of work time on the early Apollo 
mission should be given to sample collection, according to 
the NASA Lunar Ex$loration conference of 1965. The 1967 
Summer Study of Lunar Science and Exploration summarized 
sample collection as selection of geologic samples based on 
observations of surficial debris and bedrock, acquisition 
of samples by tongs, drive tube, scoop, or other device, 
insertion of samples into labeled containers, and storage 
and return of samples to earth for analysis. The sample 
collection task places requirements on the astronaut for 
decision making, pattern recognition, mobility and dexterity, 
force application, and load carrying. 
Apollo missions involve two astronauts on the lunar 
surface for approximately 24 hours. Actual surface activities 
will occupy up to eight hours for each crew member. In Apollo, 
as in Early Apollo, only one astronaut at a time will be 
on the surface exterior to the LM, with the other crewman 
in the LM vehicle. The principal astronaut activities 
during the Apollo mission will be the deployment of the Apollo 
Lunar Surface Experiment Pacltage (ALSEP) which comprises an 
expansion of the EASEP, local area exploration, and sample 
collection. During the Apollo lunar stay sample collection 
will involve retrieval of non-cohensive, loose specimens, 
breaking off features from larger structures, digging up 
samples of debris, drilling holes through incoherent debris, 
and excavating fragments. ALSEP consists of two subpackages 
containing eight separate experiments. The astronaut operations 
associated with deployment of each experi~ent have not been 
finalized. A preliminary operational sequence for the seismic 
experiment is presented in Table 11 of Volume 11. 
Stage I1 includes the various missions of the Apollo 
Applications Program (AAP). In the early missions crew size 
will remain at two, however, in later explorations multiple 
two man or even three man crews will probably be utilized. 
The primary characteristics of AAP lunar missions are the 
capability for extended stay and the increased mobility 
afforded by surface or flying vehicles. This stage will also 
include missions where alternate configurations of the basic 
lunar lander, the LM, will be used. These include the LM 
truck, an unmanned cargo ferry vehicle, and the LM shelter, 
a living/working compartment for up to two weeks. Primary 
astronaut activities on AAP missions include extensive 
exploration and deployment of scientific measurement and data 
recording devices. These devices include the Emplaced Scientific 
Station (EsS), the ALSEP upgraded for longer life and improved 
performance, the Expanded ESS (EXESS), and the Remote Geog- 
physical Monitor (RGM) which provides scientific data 
acquisition and transmission for from 2 to 5 years. 
Deployment of these devices as well as lunar exploration 
itself will be supported by the use of lunar roving vehicles 
(LRV) and lunar flying vehicles (LFV). These systems are 
described in greater detail in Chapter 111 of Volume 11. Lunar 
roving vehicles range from a motorized cart for cargo trans- 
portation to closed cabin mobile laboratories (MOLAB) carrying 
up to a three man crew with living quarters and laboratory 
facilities. Representative LFV concepts range from one man 
to three crews with ranges up to 800 KM, altitudes up to 
6,000 feet, and velocities up to 500 fps (300 mph). 
CHAPTER IV 
ASTRONAUT PERFORMANCE CAPABILITIES ON THE LUNAR SURFACE 
Subsequent to the analysis of the environment and the 
identification of operational requirements for future manned 
lunar missions, this study was concerned with surveying the 
research findings reporting various aspects of human performance 
on the moon. The results of this survey and a detailed 
evaluation are presented in Chapter IV of Volume I1 of this 
report. This section is concerned with summarizing the 
evaluation of these findings and relating them to the operational 
environment and planned astronaut activities. The objective 
of this chapter therefore is to integrate research findings 
with mission requirements and environmental constraints to 
define the state-of-the-art knowledge of astronaut capabilities 
on lunar missions as well as to identify problem areas. 
Performance capability problem areas will be discussed in 
detail in this chapter, while requirements for additional 
research will be discussed in detail in Chapter V, 
The astronaut operations for prospective lunar missions, 
summarized in Chapter I11 of this volume and detailed in 
Chapter I11 of Volume 11, can be classified into 20 general 
activities which, while not all inclusive are representative 
of most of the planned activities for Stage I and Stage I1 
missions. These activities together with indications of 
visual and/or motor performance capabilities associated with 
each, are presented below. 
Activity Visual Capabilities 
Vehicle Inspection Visual acuity 






Perception of distance 
Pattern recognition 
General vision 
Perception of form 
Spatial orientation 
Perception of pattern 
Visual acuity 
Sample Identification Perception of pattern 





Experiment deployment Perception of form 
Perception of color 
Package leveling Spatial orientation 
Visual acuity 
Use of hammer 
Use of scoop 
Motor Capabilities 



















MOLAB Deployment Fine hand move- 
ments 
balance 
TV Lens changing f i n g e r  d e x t e r i t y  
Vehicle Control Percept ion of d i s t a n c e  
and depth 
Percept ion of p a t t e r n  
Antenna deployment balance 
reach 
Lunar d r i l l  deploy- Percept ion of p a t t e r n  arm-hand move- 
ment ments 
balance 
Living a c t i v i t i e s  
( h a b i t a b i l i t y )  
Maintenance of r a d i a t i o n  
s a f e t y  
A s  i nd ica ted  from t h i s  l i s t ,  18 of t h e  20  a c t i v i t i e s  
have a s t r o n a u t  v i s u a l  and/or motor performance requirements 
a s soc ia ted  wi th  them, S p e c i f i c  e f f e c t s  of components of t h e  
lunar  environment on each of t h e s e  a c t i v i t i e s  a r e  presented  
i n  Chapter V of Volume 11. Visual  requirements can be 
summarized a s  genera l  v i s i o n  o r  v i s i b i l i t y  requirements,  
v i s u a l  a c u i t y ,  percept ion  of d i s t a n c e  and depth,  percept ion  
of form and shape, and s p a t i a l  o r i e n t a t i o n .  Motor requirements 
can be c l a s s i f i e d  a s  whole body movements, balance,  arm-hand 
movements, and d e x t e r i t y .  
4 .1 Visual  Performance C a p a b i l i t y  and Ant ic ipa ted  Problem 
Areas 
The concensus of opinion among i n v e s t i g a t o r s  concerning 
a s t r o n a u t  v i s u a l  performance i n  t h e  lunar  environment i s  t h a t  
t h e  v i s u a l  problems i n  t h e  novel ,  degraded, and s t i l l  uncer t a in  
l i g h t i n g  environment of t h e  moon may be formidable.  I n  
genera l ,  t h e  low l i g h t  l e v e l s ,  t h e  homogeneity of su r face  
appearance, h igh ly  d i r e c t i o n a l  c h a r a c t e r i s t i c s  of l i g h t i n g ,  
sha rp  c o n t r a s t s  between l i g h t  and shadow, and absence of 
s i z e  constancy s tandards  may s e r i o u s l y  degrade a s t r o n a u t  
performance. The degree t o  which t h i s  v i s u a l  environment 
w i l l  a f f e c t  performance c a p a b i l i t y  cannot,  a t  p resen t ,  
be d e f i n i t i v e l y  s p e c i f i e d  due t o  s e r i o u s  gaps i n  t h e  r e sea rch ,  
ambigui t ies  and c o n t r a d i c t i n g  r e s u l t s  and conclusions,  and 
f ind ings  which a r e  ques t ionable  from a  me thodo l~gy  s tandpoint .  
The b a s i c  conclusion der ived  from t h e  eva lua t ion  of f ind ings  
t h e r e f o r e ,  i s  t h a t  v i s u a l  performance on t h e  moon w i l l  be 
degraded. Addi t ional  r e sea rch  i s  s o r e l y  needed t o  i s o l a t e  
t h e  causa l  f a c t o r s  f o r  t h i s  degradat ion,  t h e  e x t e n t  and 
importance of t h e  degradat ion f o r  a s t r o n a u t  s a f e t y ,  and t h e  
engineering,  o p e r a t i o n a l ,  o r  t r a i n i n g  e f f o r t s  r equ i red  t o  
minimize o r  e l imina te  t h e  problems. Conclusions der ived 
from resea rch  r e s u l t s  concerning t h e  e f f e c t s  of t h e  lunar  
environment on v i s u a l  c a p a b i l i t y  f a c t o r s  ( v i s i b i l i t y ,  v i s u a l  
a c u i t y ,  percept ion  of  d i s t a n c e  and depth,  percept ion  of form 
and shape, and s p a t i a l  o r i e n t a t i o n )  a r e  presented  below. 
4.1.1 V i s i b i l i t y  - General Vision 
The maximum b r i g h t n e s s  of t h e  s u n l i t  lunar  su r face ,  
assuming an average albedo of seven pe rcen t ,  i s  840 f o o t  
lamberts ,  This i s  comparable wi th  t h e  average b r igh tness  
of t h e  e a r t h  on a  c l e a r  day, i - e . ,  1,000 f t .  L. When viewed 
through t h e  p r o t e c t i v e  sun v i s o r ,  impact and p ressu re  v i s o r  
of t h e  s u i t  helmet which a l t e r n a t e s  90 pe rcen t  of t h e  
a v a i l a b l e  l i g h t ,  t h e  maximum sur face  b r i g h t n e s s  f a l l s  o f f  t o  
84 f t .  L . ,  which i s  comparable t o  t h e  average b r igh tness  of  
t h e  e a r t h  on a  t y p i c a l  cloudy day (Figure 3, Volume 11) . 
- The maximum b r i g h t n e s s  of t h e  e a r t h l i t  su r face  i s  
.0875 f t .  L. which i s  approximately t h e  minimal l e v e l  f o r  
c h a r t  reading.  Again wi th  t h e  v i s o r  assembly only .00875 f t .  L. 
i s  a v a i l a b l e  t o  t h e  eye. This i s  about t h e  minimum recommended 
by L e w i s  and Wheelwright (1965) f o r  luna r  landings i n  ea r th -  
sh ine .  These i n v e s t i g a t o r s  add t h a t  from t h e i r  f ind ings ,  
b r i g h t n e s s  l e v e l s  of l e s s  than .04 f t .  L. make some opera t ions  
unsafe.  These f i n d i n g s  r e q u i r e  v a l i d a t i o n  due t o  t h e  
s u b j e c t i v e  n a t u r e  of t h e  d a t a  bu t  a r e  i n d i c a t i v e  of t h e  
problems assoc ia ted  wi th  low l i g h t  l e v e l s ,  e s p e c i a l l y  i n  
ea r thsh ine  condi t ions .  
- Due t o  t h e  g ranu la r  porous s u r f a c e  s t r u c t u r e  and 
t h e  r e s u l t a n t  h i g h l y  d i r e c t i o n a l  r e t r o - r e f l e c t i o n  of  l i g h t ,  
t h e  appearance of t h e  l u n a r  scene w i l l  vary markedly wi th  
d i f f e r i n g  look angles .  When t h e  i n c i d e n t  sun angle  i s  70 
degrees from v e r t i c a l ,  a s  it w i l l  be  f o r  Ear ly  Apollo, an 
a s t r o n a u t  w i l l  perce ive  t h e  maximum a v a i l a b l e  b r igh tness  
o n l y  when h e  faces  away from t h e  sun wi th  a  look angle  of 
70 degrees.  Changing h i s  look angle  t o  85 degrees w i l l  reduce 
t h e  a v a i l a b l e  l i g h t  t o  78 pe rcen t  of t h e  maximum. When he  
r e t a i n s  t h e  85 degree look angle  b u t  f aces  toward t h e  sun 
he  w i l l  r e c e i v e  only 3 pe rcen t  of t h e  a v a i l a b l e  l i g h t ,  which, 
wi th  t h e  v i s o r  i n  p l a c e  comprises 2.5 f t .  L. A s  t h e  a s t r o n a u t  
views t h e  t e r r a i n  be fo re  him when viewing away from t h e  sun 
t h e  b r i g h t n e s s  of t h e  t e r r a i n  w i l l  vary by a  f a c t o r  of 9, 
when viewing toward t h e  sun t h e  v a r i a t i o n  i s  a  f a c t o r  of 3, 
- Another important cons ide ra t ion  i n  t h e  e f f e c t  of 
look angle  on v i s i b i l i t y  i s  t h a t  when viewing away from the  
sun wi th  a  sun angle  of 70 degrees t h e  a s t r o n a u t  w i l l  r ece ive  
maximum l i g h t  a t  t h e  eye wi th  a  look angle  of 70  degrees,  
which corresponds t o  an average viewing d i s t a n c e  of 16 
f e e t  (Table 15, Volume 11) , and minimal l i g h t  when looking 
d i r e c t l y  downward (look angle  of 0 degrees ) .  S p e c i f i c a l l y ,  
w i t h  t h e  v i s o r  i n  p lace  h e  w i l l  r ece ive  9 f t .  L. when looking 
a t  t h e  a r e a  ad jacen t  t o  h i s  f e e t ,  and 84 f t .  L. when looking 
16 f e e t  away. The e f f e c t  of t h i s  v a r i a t i o n  might be t o  
confuse d i s t a n c e  judgements s i n c e  i n  t h e  e a r t h  environment 
b r i g h t n e s s  f a l l s  o f f  with d i s t a n c e  such t h a t  b r i g h t e r  o b j e c t s  
a r e  judged t o  be nea re r  t h e  observer .  
- While looking away from t h e  sun r e p r e s e n t s  t h e  optimal 
viewing s i t u a t i o n  i n  terms of l e v e l s  of a v a i l a b l e  l i g h t  it 
i s  a l s o  optimal i.n terms of t o t a l  s u r f a c e  a rea  i l luminated .  
When looking away from t h e  sun shadows w i l l  occur on t h e  
f a r  s i d e  of t h e  o b j e c t .  Looking toward t h e  sun p laces  t h e  
shadows on t h e  observer  s i d e  of t h e  o b j e c t  and reduces t h e  
t o t a l  a r e a  of i l lumina t ion .  
- Another problem i n  looking toward the  sun i s  t h a t  t h i s  
s i t u a t i o n  could pu t  t h e  sun i n  t h e  f i e l d  of view of t h e  
a s t ronau t .  While a c c i d e n t a l  b r i e f  viewing of t h e  s o l a r  
d i s c  is  n o t  s u f f i c i e n t  t o  cause permanent r e t i n a l  damage 
it w i l l  a f f e c t  t h e  adapt ive  s t a t e  of t h e  eye. This  e f f e c t  
could be such t h a t  it would t a k e  from 11 t o  16 seconds t o  
readapt  t o  a  l e v e l  r equ i red  t o  perce ive  an o b j e c t  of .06 f t .  L. 
br igh tness .  
- I n  o rde r  t o  compensate f o r  v a r i a t i o n s  i n  su r face  
b r igh tness  wi th  changes i n  look angle  a s  w e l l  a s  t o  i n c r e a s e  
t h e  i l lumina ted  a rea  i n  t h e  f i e l d  of  view, a r t i f i c a l  l i g h t  
sources w i l l  probably be used. I n  order  t o  ensure t h a t  t h e  
a s t r o n a u t  c o n t r o l s  t h e  d i r e c t i o n  of i l lumina t ion  he should 
c a r r y  a  p o r t a b l e  l i g h t  source with him which should be mounted 
on h i s  body t o  f r e e  h i s  hands f o r  o t h e r  a c t i v i t i e s .  MSC 
has  i n v e s t i g a t e d  c h e s t  mounted and w r i s t  mounted l i g h t s  f o r  
t h i s  purpose. A problem a r i s e s  from t h e  use  of  such l i g h t s  
s i n c e ,  due t o  t h e  f a c t  t h a t  most of t h e  l i g h t  r e f l e c t e d  by 
t h e  lunar  s u r f a c e  i s  d i r e c t e d  back along t h e  p a t h  of incidence,  
t h e  a r t i f i c i a l  i l l umina t ion  could become a source of g l a r e .  
The i n t e n s i t y  of t h e  l i g h t  should be such t h a t  it enables  t h e  
a s t r o n a u t  t o  s e e  i n t o  shadowed a reas  while  a t  t h e  same t i m e  
n o t  be s o  i n t e n s e  a s  t o  degrade v i s u a l  performance. I n  o rde r  
t o  d e l i v e r  10 f t .  L. t o  t h e  eye t h e  i n t e n s i t y  of t h e  
source must be 1400 f t .  candles .  The f i e l d  of view of t h e  
i l lumina t ion  source must a l s o  be determined. It  should be 
g r e a t  enough t o  ensure adequate viewing of l o c a l  t e r r a i n  
y e t  as small  a s  p o s s i b l e  t o  conserve power. 
The problem of placement, i n t e n s i t y ,  number, and f i e l d  
of view of a r t i f i c i a l  l i g h t  sources has  n o t  rece ived  s u f f i c i e n t  
a t t e n t i o n  t o  da te .  A f e a s i b l e  approach would be t o  c a r e f u l l y ,  
p l an  t h e  l i m i t s  of a s t r o n a u t  excursion on e a r l y  missions and 
p o s i t i o n  l i g h t s  on t h e  L M  veh ic le ,  on l i g h t  s t andards ,  and 
on t h e  a s t r o n a u t ' s  body t o  ensure t h a t  a l l  p o r t i o n s  of t h a t  
a r e a  a r e  v i s i b l e .  
4-1.2 Visual  Acuity 
- The e f f e c t s  of t h e  lunar  l i g h t i n g  environment on 
v i s u a l  a c u i t y  a r e  g e n e r a l l y  unknown. The primary f a c t o r  
w i l l  probably be t h e  low l i g h t  l e v e l  which w i l l  degrade 
a c u i t y  s o  a s  t o  i n c r e a s e  t h e  s i z e  of t h e  s m a l l e s t  p e r c e p t i b l e  
o b j e c t  (Table 15, Volume 11). While t h e  d a t a  presented i n  
Table 15 a r e  f o r  a sun angle  of 0 degrees,  it i s  l o g i c a l  
t h a t  f o r  a sun angle  of 70 degrees and viewing away from t h e  
sun acu i ty  w i l l  be most degraded f o r  s u r f a c e  t e r r a i n  n e a r e s t  
t h e  a s t r o n a u t  and w i l l  improve up t o  a maximum a t  a d i s t a n c e  
of 16 f e e t  from t h e  observer  a f t e r  which it f a l l s  o f f  again.  
This  apparent  c o n t r a d i c t i o n  of a c u i t y  improving wi th  d i s t a n c e  
i s  due t o  the  v a r i a t i o n s  i n  a v a i l a b l e  l i g h t  w i t h  d i f f e r e n t  
look angles ,  noted above. 
- Some i n v e s t i g a t o r s  assume t h a t  a c u i t y  on t h e  moon 
w i l l  be g r e a t e r  than on e a r t h  due t o  t h e  minimal atmospheric 
a t t enua t ion .  There i s  some evidence f o r  improved a s t r o n a u t  
v i s u a l  a c u i t y  during Gemini f l i g h t s  5 and 7 a s  we l l  a s  during 
a s t r o n a u t  Cooper 's  Mercury mission. Findings however, a r e  
inconclus ive  and c o n f l i c t i n g  assumptions have been drawn from 
t h e  same da ta .  
4.1.3 Percept ion of Distance and Depth 
- The primary cue i n  t h e  judgement of d i s t a n c e  i s  
t h e  s i z e  constancy of f a m i l i a r  o b j e c t s  which s e r v e  a s  s tandards  
f o r  such judgements. I n  t h e  t o t a l l y  novel environment of t h e  
moon such s tandards  w i l l  n o t  be ava i l ab le .  Judgements of 
t h e  s i z e  of an o b j e c t  i n  t h i s  environment wi thou t  r e fe rence  
s t andards ,  i s  extremely d i f f i c u l t ,  and r e s u l t a n t  e r r o r s  
i n  t h e  judgement of d i s t a n c e  t o  an o b j e c t  o f  unknown s i z e  
w i l l  probably be g r e a t .  
- It i s  unclear  from t h e  l i t e r a t u r e  whether t h e  a s t r o n a u t  
w i l l  c o n s i s t e n t l y  e r r  i n  d i s t a n c e  judgments toward over- 
e s t ima t ion  o r  underest imation,  S ince  no o t h e r  r e l i a b l e  
r e fe rence  i s  a v a i l a b l e  f o r  d i s t a n c e  judgements t h e  a s t r o n a u t  
may use  t h e  horizon a s  a  s tandard.  Conditioned as  he  i s  t o  
making d i s t a n c e  judgements on e a r t h ,  t h e  a s t r o n a u t  could 
overestimate distances on the moon due to its smaller size 
and foreshortened horizon. Other investigators assume that 
the absence of an atmosphere and the resultant transparency 
of the medium will lead to gross underestimates of distance. 
- The extreme contrast between lighted terrain and 
shadow should severly degrade the perception of depth and 
slope. The almost total absence of brightness gradations 
from light to total shadow combined with the directional nature 
of lunar reflectivity will lead to a conf1:sion of cues for 
the perception of depth since on the moon brightness depends 
more on the relation of angle of illumination and angle of 
observation than on distance as such. Judgements that 
brighter objects are nearer, conditioned by earth experience, 
could be erroneous in the lunar environment. The degree to 
which depth perception will be degraded by characteristic 
lunar lighting effects has not been specified and requires 
more extensive investigation. 
4.1.4 Perception of Form and Shape 
- The extreme contrast between light and shadow on the 
moon will also degrade the astronaut's perception of form, 
shape, and pattern. His form judgements must be based 
totally on the illuminated portion of the object since the 
brightness of shadowed areas will be too low for him to 
perceive any detail. The effect of the contrast conditions 
and directional nature of reflected light will be to degrade 
terrain recognition and orientation, as when the astronaut 
compares his visual scene with photographs of the local area. 
Depending on the relationship of his look angle, the sun 
angle, and the location of objects of interest, these objects 
could take on dramatically different appearances. The 
extent to which these effects lead to confusion and disorientation 
must be studied more intensively, as well as the degree to 
which the problems can be eliminated through artifical light 
sources. 
4.1.5 Spatial Orientation 
- Research findings indicate some degradation in the 
ability of observers to estimate the vertical in reduced 
gravity. The size of the observed decrement is usually small 
and conclusions as to its practical effect are not available 
in the literature. The primary effect of degraded ability 
to judge the vertical will probably be manifested in the 
ability to judge slant and slope. This ability is probably 
more essential to the control of lunar roving vehicles which 
are limited in terms of terrain slope than it is to self 
locomotion by the astronaut. 
- Maintenance of spatial orientation depends on the 
agreement between visual information and vestibular information. 
The degradations of visual performance expected as a result 
of contrast conditions, low light levels, and directionality 
of reflected light, coupled with decrements in vestibular 
information resulting from reduced gravity stimulation could 
lead to disorientation, although some investigators postulate 
that the vestibula will be sufficiently stimulated in the 
lunar environment (Gaume and Kuehnegger, 1962). Research 
is needed which investigates the combined effects of the 
lighting and gravity environments on observer orientation. 
4.1.6 Summary of Visual Problems 
As indicated in the discussion presented above, and 
detailed in Volume 11, the astronaut faces many potential 
problems in the lunar lighting environment. The specification 
of the precise degree to which these problems will result 
in performance degradation is sorely lacking in,the research 
literature. Taylor (1964) asserted that predictions of 
visual performance on the moon should not be attempted without 
validation in a realistic environment wherein representative 
lighting conditions are simulated. The few simulation studies 
reported in the literature are usually so limited in terms 
of fidelity and control as to make conclusions tentative at 
best and highly questionable. The retro-reflective property 
of lunar luminance, which probably will be the single most 
important determiner of astronaut visual performance on 
the moon, has not been included in any visual simulations 
to date. It is strongly recommended that simulation facilities 
be designed for careful investigation of astronaut performance 
in the lunar environment which includes the combined effects 
of collimated low light levels, low albedo, directional 
r e t r o - r e f l e c t i o n ,  extreme c o n t r a s t  cond i t ions ,  and presence 
of g l a r e  sources  such a s  t h e  s o l a r  d i s c  on s u n l i t  e a r t h .  
4.2 Astronaut  Motor C a p a b i l i t i e s  i n  t h e  Lunar ~ n v i r o n m e n t  
The p r i n c i p l e  motor c a p a b i l i t i e s  which could be a f f e c t e d  
by t h e  lunar  environment a r e  whole body movements, hand-arm 
movements, and weight es t imat ion .  
4.2.1 Whole Body Movements 
- The n a t u r a l  luna r  g a i t  has  been pos tu la ted  t o  comprise 
a  lope r a t h e r  than a  walking g a i t  a t  an average v e l o c i t y  
of  10 f e e t  p e r  second, The average e a r t h  walking speed i s  
about  4  f e e t  pe r  second. 
- Running speed on t h e  l u n a r  s u r f a c e  w i l l  probably be 
lower than on e a r t h  due t o  t h e  reduced t r a c t i o n  af forded 
by the  s u r f a c e ,  
- Resu l t s  from lunar  g r a v i t y  s imula t ions  i n d i c a t e  t h a t  
as  compared wi th  e a r t h  s tandards  t h e  a s t r o n a u t  on t h e  moon 
w i l l  cover f i v e  t imes t h e  same d i s t a n c e  i n  any time per iod ,  
a t  n ine  t imes t h e  speed f o r  t h e  same d i s t a n c e  and a t  e leven 
pe rcen t  of t h e  time f o r  t h e  same d i s t ance .  
- While t h e  major i ty  of s t u d i e s  were concerned wi th  
t h e  c a p a b i l i t y  of t h e  a s t r o n a u t  t o  walk, run,  and jump i n  
a  luna r  g r a v i t y  environment, f ind ings  repor ted  i n  t h e s e  
s t u d i e s  a r e  ques t ionable  s i n c e  they  g e n e r a l l y  d i d  n o t  i n v e s t i g a t e  
t h e  combined e f f e c t s  of s u r f a c e  topography o r  t r a c t i o n ,  
l i g h t i n g  environment, and g r a v i t y  on human performance. Many 
did not even investigate the effects of pressurized suit 
conditions. Some results were reported which indicate that 
the simulation technique employed itself significantly affects 
the results. Methodological problems such as small samples 
of subjects and inadequate controls also render much of the 
data questionable. Most of the simulation techniques limit 
the freedom of lateral motion which possibly stablizes the 
walking subject to a degree greater than in the actual situation. 
While an astronaut might be able to move over the lunar surface 
at a rate greater than on earth, his ability to maintain 
equilibrium while performing this locomotion has not been 
established and, in the reduced gravity environment, can indeed 
be questioned. It is logical to assume that as locomotion 
speed increases, stability and control of balance decreases, 
especially on rough terrain. Loss of equilibrium on the moon 
could seriously affect astronaut safety since body contact 
with the surface could cause suit damage, bodily injury, or 
equipment (such as life support) failure. Based on the 
above, a statement of astronaut self locomotion performance 
capabilities is meaningless until the possible effects of all 
elements of the environment have been determined. To base 
such statements on gravity effects alone and to disregard 
suit effects, surface roughness effects, and lighting effects 
is not only meaningless, it is misleading and potentially 
detrimental to astronaut actual performance and safety. 
- Two schools of thought exist as to the effect of the 
l u n a r  environment on energy expendi tures  a s s o c i a t e d  wi th  
l u n a r  s e l f  locomotion. One group of i n v e s t i g a t o r s  a s s e r t  
t h a t ,  due t o  t h e  reduced g r a v i t y ,  l e s s  work w i l l  be  r equ i red  
f o r  luna r  walking than observed i n  t h e  e a r t h  environment. 
Empir ical  d a t a  a r e  r epor ted  from one-sixth g r a v i t y  s imula t ion  
s t u d i e s  which i n d i c a t e  t h a t  t h e  metabol ic  c o s t  of walking 
on t h e  moon w i l l  range from 28 t o  48 pe rcen t  lower than  e a r t h  
s tandards .  
A growing b o ~ y  of opinion among i n v e s t i g a t o r s  holds t h e  
exac t  oppos i t e  hypothes is ,  t h a t  t h e  energy t o  be expended i n  
performing l u n a r  locomotion w i l l  be g r e a t e r  than repor ted  
on e a r t h .  This  e f f e c t  i s  assumed t o  be due t o  increased  
muscular a c t i v i t y  i n  providing r e s t o r i n g  f o r c e s  normally 
provided by g r a v i t y ,  t o  excess ive  limb movements, and t o  t h e  
leaping  g a i t  assumed f o r  luna r  locomotion. The hypothesized 
i n c r e a s e  i n  metabol ic  r a t e  f o r  l u n a r  walking has  a l s o  been 
assumed t o  be due t o  t h e  requirement t o  use new muscle groups 
f o r  locomotion, which can probably be r e l e i v e d  through t r a i n i n g .  
Inc reases  i n  metabol ic  r a t e  ranging from 15 t o  34 pe rcen t  
have been repor ted  f o r  walking i n  a s imulated lunar  g r a v i t y  
environment a s  compared with e a r t h  locomotion. 
While t h i s  ques t ion  i s  s t i l l  l a r g e l y  unresolved, it would 
appear t h a t  t h e  case  presented  by those  claiming an inc rease  
i n  metabol ic  r a t e  a s soc ia ted  wi th  lunar  a s  opposed t o  e a r t h  
walking is more reasonable and j u s t i f i a b l e .  Research r e s u l t s  
r e p o r t e d  by both f a c t i o n s  a r e  ques t ionable  due t o  inappropr ia t e  
o r  absence of con t ro l s ;  however, it i s  l o g i c a l  t o  assume t h a t ,  
given t h e  cons t ra in ing  in f luence  of t h e  s u i t ,  t h e  u n c e r t a i n t y  
of t h e  t e r r a i n  i n  terms of v i s u a l  p r e s e n t a t i o n  and t r a c t i o n ,  
t h e  importance of maintaining balance,  and t h e  use of new 
muscle groups,  a s t r o n a u t s  w i l l  t end  t o  r e s t r a i n  t h e i r  locomotive 
movements r a t h e r  than t o  f r e e l y  maneuver over t h e  s u r f a c e  
wi th  abandon. This  a p p l i c a t i o n  of r e s t r a i n t  on muscular 
a c t i v i t y  w i l l  probably lend  t o  increased  energy expenditures .  
S ince  t h e  ques t ion  of metabol ic  r a t e s  a s soc ia ted  wi th  
lunar  locomotion a f f e c t s  t h e  design of environmental c o n t r o l  
systems, i n  terms of q u a n t i t y  of expendibles and h e a t  d i s s i p a t i o n  
r a t e s ,  it i s  probably b e t t e r  t o  e r r  toward t h e  s i d e  of over- 
e s t ima t ion  r a t h e r  than underest imation of energy requirements.  
I n  t h e  absence of v a l i d  d a t a  f o r  e i t h e r  p o s i t i o n  it is  t h e r e f o r e  
recommended t h a t  increased  metabol ic  r a t e s  be assumed f o r  
l u n a r  exp lo ra t ion  u n t i l  proven otherwise.  The q u a n t i t y  of 
i n c r e a s e  must be determined from s imula t ion  and/or from 
c a r e f u l l y  c o n t r o l l e d  a s t r o n a u t  experiments i n  t h e  a c t u a l  
environment. 
4.2.2 Arm-hand Movements 
L i t t l e  d a t a  e x i s t  p e r t a i n i n g  t o  t h e  e f f e c t  of luna r  g r a v i t y  
on arm-hand movements. One s tudy r e p o r t s  an i n c r e a s e  i n  t ime 
t o  perform b a s i c  maintenance t a s k s  i n  luna r  g r a v i t y  over 
e a r t h  condi t ion  on t h e  order  of 25 percent .  Addi t ional  r e sea rch  
i s  requ i red  t o  e s t a b l i s h  t h e  range of arm-hand movement 
c a p a b i l i t y  i n  t h e  lunar  environment under r e a l i s t i c  g r a v i t y  
and s u i t  cond i t ions .  
4.2.3 Percept ion  of Weiqht 
O n  e a r t h  t h e  percept ion  of weight i s  due t o  p ropr iocep t ive  
s t imula t ion  and judgements of t h e  amount of f o r c e  r equ i red  
t o  counter  t h e  g r a v i t a t i o n a l  fo rce  a s soc ia ted  wi th  t h e  weight. 
I n  t h e  lunar  environment an adapt ive  per iod  w i l l  probably be 
requ i red  wherein t h e  a s t r o n a u t  l e a r n s  t o  ~ d j u s t  h i s  s tandards  
t o  t h e  new g r a v i t y  condi t ion .  This  can and should be 
f a c i l i t a t e d  through p r e - f l i g h t  t r a i n i n g .  
4 - 3  H a b i t a b i l i t y  
- The problems f o r  luna r  s h e l t e r  h a b i t a b i l i t y  revolve  
around t h r e e  genera l  a reas :  l i f e  support ,  volume and 
compartmentalization of s h e l t e r s ,  and support  of l i v i n g  a c t i v i t i e s  
L i t t l e  r e sea rch  has been repor ted  on requirements f o r  f r e e  
volume f o r  l u n a r  s h e l t e r s ,  For o r b i t a l  missions recommendations 
f o r  two-man crew, th i r ty -day  missions have ranged from 95 t o  
240 cubic  f e e t  p e r  man. Lunar s h e l t e r s  a r e  n o t  a s  cons t ra ined  
a s  o r b i t a l  s t a t i o n s  s i n c e  a s t r o n a u t s  can egress  t h e  s h e l t e r  
wi th  more ease  and frequency than i s  t r u e  of t h e  o r b i t a l  
f l i g h t s .  The a v a i l a b i l i t y  of luna r  su r face  a c t i v i t y  which 
provides t h e  a s t r o n a u t  wi th  e x e r c i s e  and d ivers ion  should 
reduce h i s  needs f o r  f r e e  volume wi th in  t h e  s h e l t e r .  One 
s tudy performed a t  Marshall  Space F l i g h t  Center r epor ted  
that two subjects could function adequately in a simulated 
MOLAB for an 18 day period with only 58 cubic feet per man 
available in free volume. They were not confined to the 
vehicle throughout the period but were given opportunities 
to perform daily simulated lunar excursions exterior to the 
vehicle (Haaland, 1966). 
The specification of requirements for free volume, shelter 
compartmentalization, and support for living activities must 
await further research. The effects of the lunar environment 
on performance of living activities has not been determined., 
CHAPTER V 
REQUIREMENTS FOR ADDITIONAL RESEARCH 
From the problem areas for astronaut performance 
capability identified in Chapter IV it is apparent that much 
additional research is required before definitive statements 
of astronaut performance can be made, Shortco.i.lrq5 of available 
research include their lac]< of fidelity to the actual situation, 
disregard for combined effects of different variables, presence 
of arti-facts in the data due to the simulation technique, 
and methodological problems of sample size and experimental 
design, The approach of studying the effects of individual 
environmental factors, such as gravity, in and of itself 
is appropriate, however, conclusions based on results must 
recognize that the interacting effects of such variables as 
terrain and lighting with gravity must be studied before per- 
formance capability can be estimated. 
Based on the research problems cited above it is recommended 
that additional research be undertaken to establish the precise 
effects of lunar environment factors on performance, and that 
such research be planned in terms of an integrated research 
program where study outputs and objectives are identified 
and relationships among study areas clearly specified. 
It is not recommended that the vast literature already 
accumulated concerning astronaut performance on the lunar 
surface be discarded and investigation of effects begin from 
scratch. Much of the available data are useful in identifying 
problem areas. What is now needed is a complete specification 
of the extent of each problem area and its practical effect 
on performance capability as well as research leading to 
recommendations for techniques to reduce the problem. Appro- 
piate techniques for problem reduction could include engineering 
design, operational procedures, or training, 
5.1 Visual Problem Area Research Requirements 
Specific visual studies as well as recommended variables 
and methodology are presented below. 
Study 1 Effect of directional liqhtinq 
This study should investigate the effects of retro-reflection 
of light on visual performance. Distance judgements, visual 
acuity, and form recognition should be studied in a simulated 
lunar environment which includes directional reflected light 
of levels representative of the lunar situation and collimated 
to simulate solar illumination. 
Dependent variables - accuracy of distance judgements, 
size judgements, form matching, and visual acuity. 
Independent variables - Astronaut look angles, lighting 
angles, lighting levels, surface albedo. 
Control variables- pressure suit representative of the 
lunar suit and visor. 
Expected Resu l t s  - it i s  a n t i c i p a t e d  t h a t  v i s u a l  performance 
w i l l  vary wi th  t h e  r e l a t i o n s h i p  between look angle  and sun 
ang le  and sun p o s i t i o n  such t h a t  maximal c a p a b i l i t y  w i l l  be 
noted f o r  t h e  s i t u a t i o n  where t h e  l i g h t  source  i s  behind 
t h e  s u b j e c t  and loolc angle  and sun angle  a r e  co inc ident .  
Study 2 Parameters of a r t i f i c i a l  l i q h t  sources 
I n t e g r a t e d  i n t o  t h e  s imulat ion f a c i l i t y  used i n  Study 1 
a  s tudy of l o c a t i o n ,  number, f i e l d  of view, and i n t e n s i t y  of 
a r t i f i c i a l  l i g h t  sources  should be performed t o  i d e n t i f y  
parameters of t h e s e  l i g h t s .  
Study 3 Distance judqements i n  t h e  l u n a r  environment 
I n t e g r a t e d  wi th  t h e  s imula t ion  f a c i l i t y  used i n  Study 1 
should be a means of s imula t ing  t h e  reduced atmosphere and 
foreshor tened hor izon of t h e  moon. Surface f e a t u r e s  should 
be r e p r e s e n t a t i v e  of those  expected i n  t h e  lunar  environment. 
With t h i s  up-graded f a c i l i t y  t h e  a b i l i t y  of a s t r o n a u t s  t o  
judge d i s t a n c e  a c c u r a t e l y  can be determined empi r i ca l ly .  
This  s tudy should be followed up wi th  a  s i m i l a r  i n v e s t i g a t i o n  
performed on t h e  a c t u a l  su r face .  
Dependent v a r i a b l e  - accuracy of d i s t a n c e  judgements 
Independent v a r i a b l e s  - horizon l o c a t i o n ,  loolc angle ,  
sun l o c a t i o n  and sun angle ,  l i g h t i n g  l e v e l s ,  and su r face  
albedo. 
Control  v a r i a b l e  - pressure  s u i t  and v i s o r .  
Study 4 Perception of Depth 
To the visual simulation should be added contrast 
conditions which approach those expected on the moon. Using 
this facility,the capability of the observer to make relative 
distance judgements and to accurately perceive depth will 
be investigated. 
Dependent variables - accuracy of relative distance 
judgements . 
Independent variables - degree of shadow, location of 
shadow, look angle, sun angle, sun location, lighting levels, 
and surface albedo. 
Control variables - suit and visor. 
Study 5 Spatial orientation 
The combined effects of the lunar visual environment 
and the gravitational environment on observer capability 
to estimate the vertical and judge degree of slant and slope 
must be determined. Subjects must be presented with lighting 
conditions representative of those expected on the moon while 
under one sixth earth gravity. This study will therefore 
require a combination of visual simulation facilities with 
gravity simulation techniques, Since locomotion on the part 
of the subject is not required and due to the short time required 
for each judgement, it is recommended that parabolic flight 
be selected as the gravity simulation method. Subjects would 
be presented with standard objects misaligned from the vertical 
by a  s p e c i f i e d  amount and asked t o  a s s e s s  t h e  degree t o  which 
t h e  o b j e c t s  depar t  from t h e  v e r t i c a l .  Their  judgements w i l l  
be made a g a i n s t  a  v i s u a l  background which s imula tes  t h e  lunar  
scene i n  terms of d i r e c t i o n a l i t y  of r e f l e c t e d  l i g h t ,  s u r f a c e  
appearance, and c o n t r a s t ,  
Dependent v a r i a b l e s  - accuracy of v e r t i c a l  judgements 
Independent v a r i a b l e s  - look angles ,  sun angles ,  l i g h t i n g  
l e v e l s ,  sun l o c a t i o n ,  s u r f a c e  albedo, and s u r f a c e  roughness. 
Cont ro l  v a r i a b l e s  - 1/6 g r a v i t y ,  p r e s s u r e  s u i t  and v i so r .  
Study 6  To ta l  v i s u a l  performance i n  t h e  lunar  environment 
- 
This s tudy w i l l  i n t e g r a t e  t h e  v a r i a b l e s  and condi t ions  
of S t u d i e s  1 through 5 t o  i n v e s t i g a t e  t h e  combined e f f e c t s  
of l i g h t i n g  condi t ions  on v i s u a l  performance. 
5 . 2  Motor Problem Area Research Requirements 
S p e c i f i c  s t u d i e s  of a s t r o n a u t  motor c a p a b i l i t i e s  i n  
t h e  l u n a r  environment a r e  descr ibed  below. 
Study 1 Astronaut  wallcinq c a p a b i l i t y  
A d e f i n i t i v e  i n v e s t i g a t i o n  of a s t r o n a u t  walking c a p a b i l i t y  
i n  t h e  lunar  environment has  n o t  y e t  been performed. This  
s tudy  should a s s e s s  tk i n t e r a c t i v e  e f f e c t s  of g r a v i t y ,  s u r f a c e  
t r a c t i o n ,  and s u r f a c e  roughness on walking a b i l i t y .  Measures 
of s t a b i l i t y  should be included t o  determine t h e  degree t o  
which t h e  a s t r o n a u t  can maintain balance.  D i f f e r e n t  g a i t s  
and speeds should be i n v e s t i g a t e d  t o  determine which i s  
opt imal  i n  t e r m s  of comfort ,  energy expenditure ,  and s a f e t y ,  
Dependent v a r i a b l e s  - s t a b i l i t y ,  energy expenditure ,  
walking r a t e s .  
Independent v a r i a b l e s  - degree of s u r f a c e  cohesiveness ,  
roughness, and s lope.  
Cont ro l  v a r i a b l e s  - pressure  s u i t  and g r a v i t y  c m d i t i o n .  
Study 2 Astronaut  walking c a p a b i l i t y  - I1 
- 
This  s tudy w i l l  i ncorpora te  a  s imulated lunar  v i s u a l  
environment wi th  Study 1 above. 
Study 3 Astronaut  load c a r r y i n q / l i f t i n q  c a p a b i l i t y  
This  s tudy w i l l  i n v e s t i g a t e  l i m i t a t i o n s  and techniques 
of load  ca r ry ing  and l i f t i n g  i n  a  s imulated lunar  environment, 
s i m i l a r  t o  Study 1. 
Dependent v a r i a b l e s  - s t a b i l i t y ,  energy expenditures ,  
walking r a t e s .  
Independent v a r i a b l e s  - load  weights ,  techniques of 
ca r ry ing ,  l i f t i n g  po in t s .  
Control  v a r i a b l e s  - pressure  s u i t  and g r a v i t y  condi t ion .  
Study 4 Arm-hand movement c a p a b i l i t y  
The o b j e c t i v e  of t h i s  s tudy w i l l  be t o  a s s e s s  t h e  e f f e c t s  
of t h e  lunar  g r a v i t a t i o n a l  and l i g h t i n g  environment on 
a s t r o n a u t  c a p a b i l i t y  t o  perform s tandard  arm-hand opera t ions .  
Dependent v a r i a b l e s  - accuracy of motions and time t o  
perform. 
Independent v a r i a b l e s  - look angles ,  Light angles ,  
sun l o c a t i o n ,  equipment albedo. 
Control  v a r i a b l e s  - taslcs, p ressu re  s u i t ,  and g r a v i t y  
cond i t ions .  
Study 5 Gravity simulation fidelity investiqation 
This study will attempt to establish the fidelity of 
lunar gravity simulation techniques by comparing results 
obtained using different techniques and isolating areas where 
the technique introduces arti-facts into the results, 
5.3 Astronaut Performance Researel Proqram 
In order to ensure adequate planning and performance of 
required research as well as to make maximum use of data 
acquired in the actual lunar situation, ar astronaut performance 
research program is recommended which is described in Figures 
1 and 2. This program is directed toward establishing 
astronaut performance capability for Stage I and Stage I1 
missions by defining the study areas to be researched, the 
sequencing of these studies, in.terrelationships among studies, 
and interrelationships between earth based simulation studies 
and investigations conducted during actual lunar missions. 
For each study area the objectives, inputs, outputs, methodology, 
and ultimate goals are described. Study 1 of Stage I comprises 
the present study which will serve as the baseline for 
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. Provide identifications of problems areas of design 
of equipment on performance of procedures or training. 
. Provide requirements for additional research 
where gaps in present literature, exist or where 
existing findings are deemed questionable .! 
2 .  Determination of design requirements for lunar shelters. 
A. Specific Objectives 
. Develop requirements for lunar habitability sys tems . 
. Develop design guidelines for shelter design and 
layout and equipment arrangement. 
B. Inputs 
. Specific research reported in study 1 on effects 
of the lunar environment on human performance. 
. Miss ion requirements including crew size, miss ion 
duration, and astronaut operations and equipment. 
C. Outputs 
. Design guidelines for habitability system equipment. 
D. Methodology 
The worlcsteps to be completed in developing habitability 
system requirements and design guidelines include the following: 
1. Identification of representative mission require- 
ments and constraints. 
2 .  Determination of requirements for shelter conf igura- 
tion/compartmentalization. 
3. Determination of free volume requirements for 
compartments. 
4. Determination of work/rest cycle requirements. 
5. Determination of illumination requirements. 
6. Determination of EC/LS requirements. 
7. ~ e t e r m i n a t i o n  of decor requirements.  
8. ~ e t e r m i n a t i o n  of requirements f o r  equipment arrange-  
ment/packaging. 
9 ,  Development of requirements and design guide1 ines  
f o r  a s t r o n a u t  l i v i n g  o p e r a t i o n s ,  inc luding  s l e e p ,  
t ak ing  nourishment, waste e l imina t ion ,  r e s t  and 
r e l a x a t i o n ,  e x e r c i s e ,  locomotion, maintenance of 
pe r sona l  hygiene,  equipment c a r e  and housekeeping, 
and medical-dental  c a r e .  
1 0 ,  Development of s h e l t e r  and equipment mockups. 
11. V e r i f i c a t i o n  of requirements and design gu ide l ines  
through t h e  s imula t ion  of h a b i t a b i l i t y  func t ions ,  
us ing  mockups, 
E .  Ult imate Goals 
. Develop gu ide l ines  f o r  h a b i t a b i l i t y  systems f o r  
s h o r t  term m i s s  ions .  
. I d e n t i f y  h a b i t a b i l i t y  problem a r e a s .  
. Determine minimum volume requirements .  
3 .  Development of an as t ronau t / luna r  s u r f a c e  computer da ta  
bank and s imula t ion .  
S p e c i f i c  Objec t ive  
. Provide a  d a t a  bank which is  e a s i l y  updated, modi- 
f i e d ,  and assessed .  
. Develop a  s imula t ion  which w i l l  model t h e  man per -  
forming candida te  lunar  opera t ions  f o r  spec i f  i c  
m i s s  ions and p r e d i c t  a s t r o n a u t  performance c a p a b i l i t y .  
B. Inputs  
. Research f ind ings  from study 1 . 
. H a b i t a b i l i t y  requirements from study 2 . 
C .  Outputs 
. A lunar  s u r f a c e  da ta  bank, 
. A s imula t ion  model f o r  eva lua t ing  a d d i t i o n a l  banks .  
This  system w i l l  comprise a  d a t a  bank o f  r e s e a r c h  
f i n d i n g s ,  eng inee r ing  concep t s  and approaches ,  de s ign  d a t a ,  
and recommendations and des ign  g u i d e l i n e s ,  and a  s i m u l a t i o n  
model a p p r o p r i a t e  f o r  p r e d i c t i n g  t h e  e f f e c t s  of  v a r i a t i o n s  i n  
s h e l t e r  and equipment des ign  c o n f i g u r a t i o n  on human performance 
and biomedical  s t a t u s .  The e f f o r t s  t o  be  completed i n  deve lop ing  
t h i s  Data Management System inc lude  t h e  fo l lowing :  
1. Development o f  g e n e r a l  system d e s c r i p t i o n .  
2 .  S p e c i f i c a t i o n  of  d a t a  i n p u t  subsystem. 
3. S p e c i f i c a t i o n  o f  d a t a  a c c e s s i o n  subsystem. 
4. Development of performance,  s a f e t y ,  and biomedical  
d a t a  bank,  
5. Development o f  a  l u n a r  environment d a t a  bank. 
6. S p e c i f i c a t i o n  o f  d a t a  r e t r i e v a l  subsystem. 
7 .  S p e c i f i c a t i o n  o f  t h e  miss ion  s i m u l a t o r .  
8. S p e c i f i c a t i o n  of  a  r e p o r t  g e n e r a t o r .  
E .  - Ult imate  Goals 
. Provide a  d a t a  b a s e  d e s c r i b i n g  a s t r o n a u t  performance 
c a p a b i l i t y  and p h y s i o l o g i c a l  s t a t u s  on t h e  l u n a r  
s u r f a c e  which i s  e a s i l y  acces sed ,  updated,  and modif ied.  
. Provide a  computer model of  t h e  a s t r o n a u t  t o  p r e d i c t  
performance and biomedical  s t a t u s  f o r  any s p e c i f i c  
mi s s ion .  
4.  Development o f  f i d e l i t y  requi rements  f o r  l u n a r  s u r f a c e  
s i m u l a t i o n  s t u d i e s .  
A l l  of  t h e  e m p i r i c a l  evidence r e l a t i n g  t o  a s t r o n a u t  capa- 
b i l i t i e s  and l i m i t a t i o n s  on t h e  l u n a r  s u r f a c e  is based on some 
s imula t ion  of  t h e  environment, A problem e x i s t s  i n  d e f i n i n g  
t h e  f i d e l i t y  t o  be  incorporated i n t o  such s imula t ions  and i n  
eva lua t ing  e x i s t i n g  f ind ings  i n  terms of t h e  f i d e l i t y  of  t h e  
s imula t ion  s i t u a t i o n .  
A. S p e c i f i c  o b j e c t i v e s  
. E s t a b l i s h  gu ide l ines  f o r  de f in ing  degree of  
f i d e l i t y  required.  
Evaluate  c u r r e n t l y  a v a i l a b l e  s imula t ion  techniques 
and f a c i l i t i e s  i n  terms of t h e i r  f i d e l i t y .  
Develop guide1 i n e s  f o r  s e l e c t i n g  s imula t ion  tech-  
n iques  and f a c i l i t i e s ,  
Formulate recommendations f o r  new improved tech-  
niques and f a c i l i t i e s ,  
B. Inputs  
. Simulat ion requirements ,  
C. Outputs 
- Simulat ion eva lua t ion  techniques - 
. Simulat ion evalua t ions ,  
D. Methodoloqy 
The approach t o  be taken i n  t h i s  s tudy is t o  develop 
a  c h e c k l i s t  and supplementary d a t a  book t o  a s s  is t s imula t ion  
p lanners  o r  eva lua to r s  i n  determining t h e  degree of f i d e l i t y  
r equ i red  o r  t h e  e f f e c t s  of a  s p e c i f i e d  f i d e l i t y  l e v e l .  
E.  Ult imate Goals 
. Provide g u i d e l i n e s  f o r  p lanners  of luna r  su r face  
s imula t ions  f o r  s e l e c t i o n  of s imula t ion  techniques.  
Provide eva lua t ions  of s imula t ion  techniques f o r  
v e r i f i c a t i o n  of r epor ted  f indings.  
5. S p e c i f i c a t i o n  of e f f e c t s  o f  l u n a r  g r a v i t y  and t e r r a i n  on 
locomotion,  maneuvering, l in~b/body m o b i l i t y .  
A .  S p e c i f i c  Ob jec t ives  
. Determine e f f e c t s  of  l u n a r  g r a v i t y  on psychomotor 
performance ( r e s e a r c h  requi rements  i d e n t i f i e d  i n  
Study 1) . 
. Determine performance c a p a b i l i t y  i n  s i m u l a t i o n  1/6 g  
environment and l u n a r  topography, s o i l  composi t ion 
and f r i c t i o n ,  i n  h a r d  s u i t  w i t h  PLSS. 
B.  I n p u t s  
. S p e c i f i c  r e s e a r c h  requi rements  i d e n t i f i e d  i n  Study 1 
r e l a t i n g  t o  e f f e c t s  of g r a v i t y  and t e r r a i n ,  
C .  Outputs  
. Research f i n d i n g s  t a i l o r e d  t o  f i l l  gaps i n  know- 
l edge  i d e n t i f i e d  i n  Study 1. 
D. Methodoloqy 
. From s tudy  1 - i d e n t i f y  s p e c i f i c  miss ion  r e l a t e d  
o p e r a t i o n s  f o r  which adequa te  g r a v i t y  and t e r r a i n  
e f f e c t  d a t a  a r e  n o t  a v a i l a b l e .  
. Develop g r a v i t y  - t e r r a i n  s i m u l a t i o n  f a c i l i t y .  
. Conduct miss ion  r e l a t e d  o p e r a t i o n s  u s i n g  s i m u l a t i o n  
f a c i l i t y .  
. Record, ana lyze ,  and e v a l u a t e  d a t a ,  r e l a t e  f i n d i n g s  
t o  a v a i l a b l e  r e s e a r c h  r e s u l t s .  
. E s t a b l i s h  phychomotor performance c a p a b i l i t y ,  v e r i f y  
equipment des ign ,  p rocedures ,  and a s t r o n a u t  t r a i n i n g .  
E .  Ul t imate  Goals 
. Advance t h e  body o f  knowledge concerning a s t r o n a u t  
psychomotor c a p a b i l i t y .  
. I d e n t i f y  problem a r e a s  a s s o c i a t e d  w i t h  miss ion  opera-  
t i o n s  i n  l u n a r  g r a v i t y  and t e r r a i n .  
. Develop des ign  c r i t e r i a  f o r  equipment and r e q u i r e -  
ments f o r  r e d e s i g n .  
. Develop o p e r a t i o n a l  p rocedures  and t echn iques .  
. Develop t r a i n i n g  requi rements .  
6. S p e c i f i c a t i o n  of e f f e c t s  of  l u n a r  l i g h t i n g  on a s t r o n a u t  
s enso ry -pe rcep tua l  performance.  
. Determine t h e  e f f e c t s  of  ambient  l i g h t  b r i g h t n e s s ,  
b a c k s c a t t e r i n g  of  l i g h t ,  minimal a tmospher ic  
d i f f r a c t i o n  e f f e c t s ,  e t c . ,  on a s t r o n a u t  v i s u a l  pe r -  
formance ( r e s e a r c h  requi rements  i d e n t i f i e d  i n  
Study 1.). 
B. I n p u t s  
. S p e c i f i c  r e s e a r c h  requi rements  i d e n t i f i e d  i n  Study 
1 r e l a t i n g  t o  e f f e c t s  of  l u n a r  l i g h t i n g  on v i s u a l  
performance,  
C. Outputs  
. Research f i n d i n g s  t a i l o r e d  t o  f i l l  gaps i n  know- 
l edge  i d e n t i f i e d  i n  Study 1. 
. From Study 1 - i d e n t i f y  s p e c i f i c  v i s u a l  t a s k s  f o r  
which adequa te  l i g h t i n g  e f f e c t s  d a t a  a r e  n o t  a v a i l a b l e .  
. Develop l u n a r  l i g h t i n g  r e s e a r c h  f a c i l i t y .  
. Simula te  v i s u a l  t a s k s  u s i n g  l u n a r  l i g h t i n g  r e s e a r c h  
f a c i l i t y .  
. Record, ana lyze ,  and e v a l u a t e  d a t a ,  r e l a t e  f i n d i n g s  
t o  a v a i l a b l e  r e s e a r c h  r e s u l t s .  
E.  U l t ima te  Goals 
. Advance t h e  body of knowledge concern ing  a s t r o n a u t  
performance c a p a b i l i t y  i n  t h e  l u n a r  environment.  
. I d e n t i f y  problem a r e a s  a s s o c i a t e d  wi th  miss ion  
o p e r a t i o n s  i n  t h e  l u n a r  environment. 
. Develop des ign  c r i t e r i a  f o r  equipment and r e q u i r e -  
ments f o r  r edes ign .  
. Develop o p e r a t i o n a l  and p r e c a u t i o n a r y  procedures  
and techniques .  
. Develop t r a  i n i n g  requi rements .  
7. S p e c i f i c a t i o n  of e f f e c t s  o f  t h e  l u n a r  environment on  
a s t r o n a u t  b iomedica l  s t a t u s .  
. Determine e f f e c t s  o f  r a d i a t i o n ,  atmosphere,  and 
tempera ture  and crew biomedical  s t a t u s .  
I d e n t i f y  problem a r e a s  f o r  crew biomedical  s t a t u s .  
B. I n p u t s  
. Requirements f o r  a d d i t i o n a l  r e s e a r c h  from S t u d i e s  
1 and 2 .  
C .  Outputs  
R e s u l t s  of  a n a l y t i c  e v a l u a t i o n .  
D. Methodoloqy 
. Determine parameters  o f  the l u n a r  p h y s i c a l  
environment.  
. Spec i fy  a s t r o n a u t  o p e r a t i o n s  and m r k l o a d s  , 
. Perform l i t e r a t u r e  s e a r c h  o f  environment e f f e c t s  
s t u d i e s .  
. I d e n t i f y  problem a r e a s  where l u n a r  environment can  
a d v e r s e l y  e f f e c t  b iomedica l  s t a t u s .  
E .  U l t ima te  Goals 
. I d e n t i f y  biomedical  d a t a  t o  be recorded  i n  f l i g h t ,  
8. S p e c i f i c a t i o n  of  human performance exper iments  t o  be  con- 
ducted wh i l e  on t h e  l u n a r  s u r f a c e .  
A.  S p e c i f i c  Objec t ives  
. Develop perceptual-motor performance experiments 
t o  be conducted on t h e  lunar  su r face .  
B. Inputs  
. Perceptual-motor performance c a p a b i l i t i e s  expected 
i n  lunar  environment (from s t u d i e s  1, 5 ,  & 6 ) .  
. I n d i c a t i o n s  t h a t  v e r i f i c a t i o n  of da ta  is s t i l l  
r equ i red .  
C .  Outputs 
. Experiment o b j e c t i v e s ,  procedures ,  requi red  hardware, 
schedules ,  d a t a  recording ,  t r a n s m i t t a l ,  o r  s t o r a g e  
requirements ,  and t r a i n i n g  requirements.  
D. Methodoloqy 
. I d e n t i f y  perceptual-motor a r e a s  most amenable t o  o r  
i n  need of luna r  s u r f a c e  experimentat ion.  
. I d e n t i f y  requirements f o r  luna r  s u r f a c e  experimenta- 
t i o n  - develop candida te  experiments,  
. Develop experiment s e l e c t i o n  c r i t e r i a  . 
. S e l e c t  experiments by applying c r i t e r i a  t o  candida te  
experiments . 
. Develop o b j e c t i v e s  of  s e l e c t e d  experiments. 
. Develop experimental  des ign ,  procedures ,  da ta  
management requirements . 
. Develop t r a i n i n g  requirements.  
. Develop experimental  sequencing, schedul ing requ i re -  
ments, crew u t i l i z a t i o n  requirements.  
. Generate p lan  f o r  experiments.  
E .  Ultimate Goals 
. I d e n t i f y  lunar  su r face  perceptual-motor experiments.  
. Provide j u s t i f i c a t i o n  f o r  experiments. 
Provide d e t a i l e d  experiment p lans .  
9. Determine human performance and biomedical s t a t u s  da ta  t o  
be monitored dur ing  a  mission and evalua ted  a f t e r  t h e  mission.  
S p e c i f i c  Objec t ives  
. Specify crew performance and biomedical s t a t u s  da ta  
t o  be recorded and monitored during a  mission and 
evalua ted  a f t e r  t h e  mission.  
B. Inpu t s  
. Operat ions t o  be performed during t h e  mission - 
frorr, mission planning. 
. Expected problem a r e a s  i n  t h e  conduct of opera t ion  - 
s t u d i e s  1 ,  5 ,  6 ,  & 7 .  
C.  Outputs 
. Data t o  be recorded and monitored, frequency of 
monitoring, frequency of update ,  a l loca . t ion  of 
monitoring funct ions  t o  t h e  crew o r  t o  mission 
c o n t r o l ,  uses  t o  be made of d a t a  such a s  predic-  
t i o n  of f u t u r e  c a p a b i l i t y ,  a i d  i n  a b o r t  d e c i s i o n s ,  e t c .  
D. Methodoloqy 
. Review mission p lans  and schedules .  
. I d e n t i f y  expected problem a r e a s .  
. I d e n t i f y  d a t a  r e f l e c t i n g  t h e  ex i s t ence  and e x t e n t  
of problems. 
. Determine monitoring requirements - frequency, dura- 
t i o n ,  sample r a t e .  
. A l l o c a t e  monitoring func t ions  t o  crew members o r  t o  
mission c o n t r o l .  
. Develop dec i s ion  r u l e s  a s soc ia ted  wi th  monitored 
d a t a  - when t o  cont inue ,  a b o r t ,  modify schedules ,  
awai t  l a t e r  developments, e t c .  
I d e n t i f y  d a t a  t o  be subjec ted  t o  p o s t - f l i g h t  a n a l y s i s .  
. Develop b a s e l i n e  d a t a  t o  s e r v e  a s  s t a n d a r d  f o r  in -  
f l i g h t  d a t a .  
U l t i m a t e  Goals  E*  - 
. Ensure  crew s a f e t y  and m i s s i o n  s u c c e s s .  
. V a l i d a t e  human performance c a p a b i l i t y  e s t i m a t e s .  
. Prov ide  f o r  r e a l  t ime  r e - s chedu l i ng  t h rough  p r e d i c -  
t i o n  o f  f u t u r e  c a p a b i l i t y  o r  e f f e c t s  o f  p r e s e n t  
c a p a b i l i t y .  
10. Update o f  l u n a r  s u r f a c e  human performance c a p a b i l i t y  and 
b iomed ica l  d a t a  bank ba sed  on p r e v i o u s  m i s s  i o n  f i n d i n g s  . 
S p e c i f i c  O b j e c t i v e s  
. V a l i d a t e  and upda t e  t h e  l u n a r  s u r f a c e  human 
performance d a t a  base. 
13. I n p u t s  
. Human performance d a t a  b a s e  from s t u d i e s  1, 5 ,  6 ,  
Biomedical  d a t a  - Study 7 .  
. R e s u l t s  o f  expe r imen t s  d e s c r i b e d  i n  Study 8. 
. Human performance d a t a  o b t a i n e d  i n  Study 9.  
C .  Outpu t s  
. Updated l u n a r  s u r f a c e  human performance d a t a  b a s e .  
D. Methodology 
. Review r e s u l t s  from l u n a r  s u r f a c e  expe r imen t s  
(Study 8 . )  and d a t a  c o l l e c t e d  on performance o f  
m i s s i o n  r e l a t e d  a c t i v i t i e s  (Study 9 ) . 
. R e l a t e  t h e s e  d a t a  t o  t h e  human performance d a t a  b a s e  
( S t u d i e s  1, 5, & 6)  . 
. V a l i d a t e ,  modify ,  and upda t e  t h e  d a t a  b a s e .  
E .  U l t i m a t e  Goals  
. Make maximum u s e  o f  a v a i l a b l e  d a t a .  
Continual ly update the  human performance da ta  
base a s  more da ta  become a v a i l a b l e .  
11. S p e c i f i c a t i o n  of requirements f o r  l o c a l  a r e a  exp lo ra t ion .  
A. S p e c i f i c  Objec t ives  
, Develop human performance requirements ,  equipment 
design c r i t e r i a ,  and o p e r a t i o n a l  procedures f o r  
l o c a l  nav iga t ion ,  mapping, and survey opera t ions .  
B. Inputs  
. Human performance c a p a b i l i t i e s  i d e n t i f i e d  i n  S tud ies  
1, 5, & 6 f o r  e a r l y  mission,  and Study 7 f o r  l a t e r  
f l i g h t s .  
. S p e c i f i c  m i s s  ion exp lo ra t ion  requirements inc luding  
purpose,  e x t e n t ,  a v a i l a b l e  n a v i g a t i o r ~  schemes, 
a v a i l a b l e  mapping, topography, and survey systems, e t c .  
C .  Outputs 
. Human performance requirements a s s o c i a t e d  wi th  l o c a l  
a rea  exp lo ra t ion .  
. Review exp lo ra t ion  requirements f o r  t h e  s p e c i f i c  
miss ion.  
. Determine crew opera t ions  f o r  exp lo ra t ion .  
. Determine a s t r o n a u t  c a p a b i l i t y  t o  perform opera t ions .  
. Conceive of a l t e r n a t e  approaches f o r  nav iga t ion ,  
mapping, survey,  e t c .  
. Develop requirements and crew c a p a b i l i t y  e s t ima tes  
f o r :  
- c e l e s t r i a l  naviga t ion  
- nav iga t ion  by l i n e  of s i g h t  - d i s t a n c e  es t ima t ion ,  
landmark recogn i t ion .  
- nav iga t ion  by beacon - l i g h t ,  sound. 
- naviga t ion  suppor t  from o r b i t i n g  CSM and/or 
mission c o n t r o l .  
- naviga t ion  by gyro compass. 
- topography mapping procedures.  
- survey equipment. 
- locomotion devices  on a i d s .  walker,  roving 
v e h i c l e ,  f l y i n g  veh ic le .  
- d i s p o s i t i o n  of  mapping da ta .  
l o c a t i o n  of s i t e s  f o r  long term mission bases .  
. I n t e g r a t i o n  exp lo ra t ion  requirements wi th  o t h e r  
mission requirements.  
. Perform s imula t ion  of exp lo ra t ion  func t ions  . 
E .  Ultimate Goals 
-
. Development of  f i r s t  s t a g e s  of luna r  exp lo ra t ion  p lan .  
. Val ida t ion  of exp lo ra t ion  techniques,  procedures ,  
equipment. 
1 2 .  S p e c i f i c a t i o n  of mission r e l a t e d  l i f e  suppor t  requirements .  
A .  S p e c i f i c  Object ives  
-
. Develop l i f e  suppor t  requirements f o r  s p e c i f i c  
m i s s  ions .  
. Update h a b i t a b i l i t y  requirements f o r  s p e c i f i c  
miss ions.  
B. Input  
. Human performance c a p a b i l i t i e s  i d e n t i f i e d  i n  S tud ies  
1, 2 ,  & 5 f o r  i n i t i a l  missions,  Study 10 f o r  l a t e r  
f  1 i g h t s  . 
. Biomed ica  1 performance c a p a b i l i t y  i d e n t i f i e d  i n  
Study 7 f o r  i n i t i a l  missions,  Study 10 f o r  l a t e r  
f l i g h t s  . 
C.  Output 
. L i f e  suppor t  system design c r i t e r i a ,  h a b i t a b i l i t y  
system s p e c i f i c a t i o n s .  
D. Methodoloqy 
. Review m i s s  ion requirements a s  dura t ion ,  ope ra t ions  , 
crew s i z e ,  e t c .  
. Review human performance and biomedical s t a t u s  d a t a .  
. I n t e g r a t e  m i s s  ion  requirements wi th  performance/ 
biomedical d a t a ,  
. Develop requirements f o r  l i f e  s u p p o r t / h a b i t a b i l i t y  
systems. 
- pressuxized l i v i n g  a rea  - compartmentalization - 
volume requirements.  
- s l e e p  requirements.  
- work/rest  cyc les  - o f f  duty requirements.  
- nourishment - waste management, 
- medical f a c i l i t i e s  
. Perform s imula t ion  of l i f e  suppor t  funct ions .  
E .  Ultimate G o a i  
. Provide requirements f o r  l i f e  s u p p o r t / h a b i t a b i l i t y  
systems f o r  s h o r t  term missions.  
13. S p e c i f i c a t i o n  of requirements f o r  communica~t;ions and da ta  
management. 
S p e c i f i c  Object ives  
. For s p e c i f i c  miss ions develop requirements f o r  i n t e r -  
crew communications, communications with o r b i t i n g  
CSM, and communications wi th  mission c o n t r o l ,  
. For s p e c i f i c  missions develop requirements f o r  d a t a  
a c q u i s i t i o n ,  recording ,  a n a l y s i s ,  eva lua t ion ,  t r a n s -  
m i t t a l ,  and s to rage .  
B. Input  
. Human performance c a p a b i l i t i e s  from S tud ies  1, 5,  
& 6 f o r  e a r l y  missions,  Study 10 f o r  l a t e r  missions.  
C .  Output 
. ~ommunication/data management requirements f o r  s p e c i f i c  
m i s s  ions.  
. Review communication/data management requirements 
from mission p l a n s ,  
. Review human performance c a p a b i l i t y  da ta .  
. Develop nominal communications usage r u l e s .  
. Develop contingency communications requirements .  
. Develop requirements f o r :  
- data  a c q u i s i t i o n  - geologic  samples, TV images, 
photographs,  e l e c t r o n i c  s i g n a l s  from s e n s o r s ,  
- da ta  recording  - lunar  o r b i t a l ,  o r  e a r t h .  
- da ta  recording  - l u n a r ,  o r b i t a l ,  o r  e a r t h  - 
computer requirements ,  e t c .  
- data  t r a n s m i t t a l  - frequency, dura t ion ,  q u a n t i t y .  
- da ta  s t o r a g e ,  
. Perform s imula t ion  of communications and da ta  manage- 
ment func t ions .  
E .  Ultimate Goals 
. Communication p lan  and d a t a  handl ing requirements .  
. Siz ing  of da ta  s t o r a g e  f a c i l i t i e s .  
14 .  S p e c i f i c a t i o n  of a s t r o n a u t  requirements f o r  conduct of 
nominal and contingency mission a c t i v i t i e s .  
A. S p e c i f i c  Object ives  
. Develop requirements f o r  performance of s p e c i f i c  
mission a c t i v i t i e s .  
B. Inpu t s  
. Mission requirements 
. Human performance and biomedical d a t a  from s t u d i e s  
1, 5,  G & 7 f o r  e a r l y  f l i g h t s ,  Study 10 f o r  l a t e r  
missions.  
C ,  Outputs 
. Val ida t ion  of o p e r a t i o n a l  requirements and equipment 
des  ign c r i t e r i a .  
. Review mission o p e r a t i o n a l  requirements (i. e .  Alsep 
o p e r a t i o n s )  . 
. Rela te  opera t iona l  requirements wi th  human performa.nce 
c a p a b i l i t y .  
. I d e n t i f y  problem a r e a s  a s s o c i a t e d  wi th  performance 
o f  opera t ions ,  procedures o r  equipment design.  
. Recommend modif ica t ions  of procedures and/or design.  
. Simulate nominal and contingency opera t ions .  
E .  Ult imate Goals 
. Equipment design f o r  o p e r a b i l i t y ,  m a i n t a i n a b i l i t y ,  
and s a f e t y .  
. V e r i f i c a t i o n  of o p e r a t i o n a l  requirements.  
STAGE 11. M I S S I O N S  (14 DAYS TO 6 MONTHS) 
15. Human performance requirements f o r  conduct of lunar  su r -  
f  ace experiments . 
A. S p e c i f i c  Object ives  
Specify human performance c a p a b i l i t i e s  and l i m i t a -  
t i o n s  a s s o c i a t e d  wi th  lunar  s u r f a c e  experiments. 
R.  Inputs  
. S p e c i f i c  experiments a s  def ined  by mission p l a n s .  
. Human performance da ta  from s h o r t  term missions 
(Study 1 0 ) .  
. Human performance d a t a  from e a r l i e r  long term 
missions (Study 2 3 )  . 
C .  
. Experiment p lans  updated t o  account f o r  lunar  per -  
formance c a p a b i l i t y .  
D. Methodoloqy 
. Review lunar  su r face  experiments.  t o  be conducted, 
which could include : 
- long term e f f e c t s  of lunar  environment on human 
performance/status.  
- v e r i f i c a t i o n  of experimental  power supply s t a t u s ,  
l i f e  suppor t  systems, e t c .  
- lunar  base s e t u p  and u t i l i z a t i o n .  
- e f f e c t s  of environment on a11 reproduct ion ,  micro- 
organism mobi l i ty ,  e t c .  
- development of lunar  resources .  
- v a l i d a t i o n  of exp lo ra t ion  devices ,  a i d s ,  maps, e t c .  
- human adap ta t ion  t o  long term g r a v i t y ,  i l l umina t ion  
e f f e c t s .  
. Determine a s t r o n a u t  involvement i n  conduct of 
experiments.  
. Review equipment des ign  c r i t e r i a  o r  develop design 
c r i t e r i a  , 
. Review o p e r a t i o n a l  procedures o r  develop procedures.  
. Review of  development of experimental  design,  data  
management procedures,  e  t c  . 
Update experimental  p l a n s ,  
. Simulate conduct of experiments.  
E .  U1timaf.n Goals 
. Ensure opt imal  i n t e r f a c e  of  a s t r o n a u t  wi th  exper i -  
ment equipment. 
. Provide gu ide l ines  f o r  experiment schedul ing,  
monitor ing,  conduct. 
16.  Perform lunar  performance requirements a n a l y s i s  f o r  
s c i e r i t i f  i c  missions.  
. Specify human performance c a p a b i l i t i e s  and l i m i t a -  
t i o n s  a s soc ia ted  wi th  s c i e n t i f i c  missions.  
B. Inputs  
. S p e c i f i c  mission requirements .  
. Human performance da ta  from s h o r t  term missions 
(Study 1 0 ) .  
. Human performance da ta  f o r  e a r l i e r  long term 
mission (Study 2 3 ) .  
C .  Outputs 
. V e r i f i c a t i o n  of equipment design f o r  o p e r a b i l i t y  and 
s a f e t y .  
. V e r i f i c a t i o n  of procedures.  
D. Methodoloqy 
. Review miss ion r e l a t e d  s c i e n t i f i c  s t u d i e s  including:  
- use of lunar  based t e l e scope  systems. 
- geology, geochemistry, geophysics,  
- study of lunar  atmosphere, r a d i a t i o n ,  magnetic 
f i e l d s .  
. Review human performance c a p a b i l i t i e s  r e l a t e d  t o  
s c i e n t i f i c  missions.  
. Develop equipment design c r i t e r i a  f o r  design f o r  
o p e r a b i l i t y  and s a f e t y .  
. Develop gu ide l ines  f o r  proced-ures and techniques.  
. Simulate performance of s c i e n t i f i c  missions.  
E. Ultimate Goals 
. Ensure opt imal  i n t e r f a c e  of a s t r o n a u t  with s c i e n t i f i c  
equipment . 
. Provide g u i d e l i n e s  f o r  s c i e n t i f i c  mission schedul ing,  
monitoring , conduct. 
1-7. Perform long range lunar  exp lo ra t ion  requirements ana lys  i s .  
A. S p e c i f i c  Objec t ives  
. Develop l?uman performance requirements ,  equipment 
design c r i t e r i a ,  and o p e r a t i o n a l  procedures f o r  
long range nav iga t ion ,  mapping, and survey a c t i v i t i e s .  
B. Inputs  
. S p e c i f i c  mission requirements.  
. Human performance da ta  from s h o r t  term missions 
(Study 10)  and long term missions (Study 2 3 )  . 
. Requirements analys  i s  f o r  l o c a l  a r e a  exp lo ra t ion  
(Study 11). 
c ,  ou tpu t s  
. Long range exp lo ra t ion  requirements.  
D. Methodoloqy 
Perform exp lo ra t ion  systems a n a l y s i s .  
. Perform exp lo ra t ion  systems requirements a n a l y s i s .  
. A l l o c a t e  exp lo ra t ion  funct ions  t o  a s t r o n a u t  o r  
machine performance (remote maneuvering u n i t )  . 
. Develop design c r i t e r i a  f o r  man performed func t ions .  
. Develop a s imula t ion  study of  exp lo ra t ion  func t ions .  
. Develop exp lo ra t ion  procedures and techniques.  
. Develop requirements f o r  conducting exp lo ra t ion  
missions simultaneously.  
E .  Ultimate Goals 
. Development of long range exp lo ra t ion ,  naviga t ion ,  
and mapping systems c a p a b i l i t y  and d a t a ,  
18,  Requirements a n a l y s i s  f o r  comrnunications and da ta  manage- 
ment on long term missions.  
A.  S p e c i f i c  Object ives  
Develop requirements f o r  communications and d a t a  
management . 
B. Inputs  
. S p e c i f i c  mission requirements.  
. Human performance da ta-shor t  term missions (Study 10)  
and long term missions (Study 2 3 ) .  
. Requirements a n a l y s i s  f o r  s h o r t  term missions (Study 1 3 ) .  
C.  Outputs 
. Long term mission communications and d a t a  management 
requirements . 
. Develop communications usage r u l e s .  
. Develop cont ingency mode comrnunications requi rements .  
. Develop requirements  : 
- d a t a  a c q u i s i t i o n .  
- d a t a  r eco rd ing  - on s i t e  c a p a b i l i t y .  
- d a t a  a n a l y s i s  - computer programming a v a i l a b l e .  
- d a t a  t r a n s m i t t a l ,  
- d a t a  s t o r a g e .  
. E s t a b l i s h  g u i d e l i n e s  f o r  d a t a  management on s i t e  
as opposed t o  d a t a  t r a n s m i t t e d  t o  e a r t h  f o r  r e -  
d u c t i o n ,  a n a l y s i s ,  and e v a l u a t i o n .  
. E s t a b l i s h  f a c i l i t y  requirernents  f o r  p r e p a r i n g ,  pro-  
c e s s i n g ,  and ana lyz ing :  
- geo log ic  sample d a t a .  
- v ideo  and photographic  f i l m  d a t a .  
- b i o l o 4 i c a l  response  d a t a .  
- crew performance d a t a .  
- senso r  d a t a .  
. Simula te  communications/data management o p e r a t i o n s .  
E.  Ul t imate  Goals 
. Spec i f  i c a t i o n  of comrnunications/data management 
equipment des ign  and p rocedures .  
19. Requirements a n a l y s i s  f o r  l i f e  s u p p o r t  systems f o r  long 
term m i s s  i ons .  
. Develop requi rements  f o r  long term miss ion l i f e  
suppor t  s y s  tems . 
. Develop requirements f o r  long term missions 
h a b i t a b i l i t y  systems. 
B. Inpu t s  
S p e c i f i c  m i s s  ion requirements .  
. Human performance d a t a  - s h o r t  term m i s s  ions  (Study 10)  . 
and long term missions (Study 2 3 ) .  
. Requirements a n a l y s i s  f o r  s h o r t  t e r m  missions (Study 1 2 ) .  
C .  Outputs 
. Long term mission l i f e  suppor t  system requirements .  
. Desj gn f o r  h a b i t a b i l i t y  requirements.  
D, Methodoloqy 
. Review mission requirements such a s  d u r a t i o n ,  opera- 
t i o n s ,  crew s i z e ,  e t c .  
. Review human performance and biomedical s t a t u s  da ta .  
. I n t e g r a t e  m i s s  ion requirements w i t h  performance/ 
biomedical da ta .  
. Develop requirements f o r  l i f e  s u p p o r t / h a b i t a b i l i t y  
sys  tems . 
- p r e s s u r i z e d  l i v i n g  a r e a  - compartmental izat ion - 
volume requirements.  
- f a c i l i t y  layout .  
- p o r t a b l e  l i f e  suppor t  systems, PLSS , umbi l i ca l ,  
l una r  roving  v e h i c l e  sys  tems . 
- s l e e p  requirements.  
- .work,/rest cyc les  - off-duty requirements.  
- f a c i l i t y  - equipment sha r ing  among crews. 
- nourishment - waste management. 
- medical - d e n t a l  f a c i l i t i e s .  
- refurbishment  requirements.  
. Perform s imula t ion  of l i f e  suppor t  h a b i t a b i l i t y  
func t ions ,  
Ult imate Goals E. - -
. Support  design f o r  o p e r a b i l i t y ,  s a f e t y ,  and 
h a b i t a b i l i t y  f o r  long term miss ions.  
2 0 .  Determine human performance and biomedical s t a t u s  d a t a  
t o  be monitored during a  mission and evaluated a f t e r  t h e  mission.  
Same a s  Study 9 f o r  s h o r t  term missions.  
21. S p e c i f i c a t i o n  of a s t r o n a u t  requirem?nts f o r  conduct of 
nominal and contingency mission a c t i v i t i e s .  
. Same a s  Study 14 f o r  s h o r t  term missions,  
2 2 .  Perform requirements a n a l y s i s  f o r  maintenance, r e p a i r ,  
and cons t ruc t ion  systems, 
A. 
. Determine human performance c a p a b i l i t y  t o  perform 
maintenance, r e p a i r ,  and cons t ruc t ion  a c t i v i t i e s .  
B. Input  
. S p e c i f i c  mission requirements.  
. Human performance d a t a  f o r  s h o r t  term mission 
(Study 10. ) and long term mission (Study 2 3 )  . 
C.  Outputs 
. Maintenance, r e p a i r  , and c o n s t r u c t i o n  requirements .  
D, Methodology 
. Review mission o r i e n t e d  f a i l u r e  e f f e c t s  a n a l y s i s .  
. Determine crew c a p a b i l i t i e s  t o  perform t roubleshoot ing ,  
replacement,  and repa-ir  , 
. Specify t e s t  equipment, t o o l s ,  and support  equip- 
ment f o r  maintenance and r e p a i r .  
. Specify f a c i l i t y  requirements f o r  maintenance and 
r e p a i r .  
Determine crew c a p a b i l i t i e s  t o  perform cons t ruc t ion  
a c t i v i t i e s .  
Specify t o o l  and suppor t  equipment requirements 
f o r  cons t ruc t ion .  
. Specify cons t ruc t ion  m a t e r i a l  design,  design of  
f a s t e n e r s ,  procedures of m a t e r i a l  deployment, 
sub-assembly, e r e c t i o n ,  and i n s t a l l a t i o n .  
E .  Ultimate Goals 
--- 
. Development of  luna r  su r face  maintenance philosophy. 
. Development of  f a c i l i t y  requirements.  
. Development of cons t ruc t ion  requirements.  
23. Update o f  human performance c a p a b i l i t y  d a t a  base.  
A. S p e c i f i c  
. Val ida te  and update lunar  su r face  performance 
c a p a b i l i t y  d a t a  base.  
B. Inputs  
. Human performance d a t a  recorded from S tud ies  15 t h r u  2 1 .  
C .  Output 
. Updated human performance da ta  base.  
Review d a t a  f o r  s p e c i f i c  missions.  
. Rela te  d a t a  t o  the  human performance da ta  base.  
. Val ida te ,  modify, and update t h e  d a t a  base.  
E .  Ultimate Goals 
. Make maximal use of a v a i l a b l e  d a t a ,  
.  onti ti nu ally update t h e  da ta  base a s  more d a t a  become 
a v a i l a b l e .  
CHAPTER V I .  
HUMAN PERFORMANCE EXPERIMENTS FOR EARLY APOLLO 
Study number 8 of the  a s t r o n a u t  performance/status r e -  
sea rch  program presented i n  Chapter V i s  concerned wi th  
s p e c i f y i n g  human performance experiments t o  be conducted on 
t h e  lunar  su r f  ace .  This chap te r  w i l l  o u t l i n e  s e l e c t e d  candida te  
experiments t o  be included i n  e a r l y  Apollo t o  provide performance 
d a t a  i n  t h e  a c t u a l  g r a v i t a t i o n a l  and l i g h t  environment of t h e  
moon. 
The c o n s t r a i n t s  p laced  on experiment s e l e c t i o n  a r e  a s  
fol lows:  
1. Experiments w i l l  r e q u i r e  a minimum of new equipment 
and procedures.  
2 .  Experiments w i l l  minimally impact the  a s t r o n a u t  time- 
l i n e .  
3 .  Only one a s t r o n a u t  w i l l  be assumed t o  be on the  su r -  
face  a t  any one time. 
4. Astronaut  experiment opera t ion  w i l l  involve only t h e  
s e t u p  of appara tus ,  a c q u i s i t i o n  of d a t a ,  s t o r a g e  of 
d a t a ,  and breakdown of appara tus .  No d a t a  r educ t ion ,  
process ing ,  o r  a n a l y s i s  w i l l  be conducted. 
Candidate experiments w i l l  be des igned t o  i n v e s t i g a t e  
one o r  both  of two genera l  performance c a p a b i l i t y  a r e a s :  t h e  
a b i l i t y  of  t h e  a s t r o n a u t  t o  e f z e c t i v e l y  r ece ive  and process  
sensory information;  and, t h e  a b i l i t y  of t h e  a s t r o n a u t  t o  
perform whole body movements i n  t h e  lunar  g r a v i t a t i o n a l  f i e l d .  
Sensory Requirements 
Candidate experiments which a r e  designed t o  i n v e s t i g a t e  
t h e  c a p a b i l i t y  of t h e  a s t r o n a u t  t o  e f f e c t i v e l y  r e c e i v e ,  p rocess ,  
and u t i l i z e  sensory information f a l l  i n t o  two genera l  c a t e g o r i e s ,  - 
v i s u a l  experiments and non-visual exper.i.ments, Visual  exper i -  
ments include s t u d i e s  d i r e c t e d  toward de f in ing  t h e  e f f e c t s  of  
t h e  lunar  l i g h t i n g  environment on such behaviors  a s :  co lo r  
d i f f e r e n t i a t i o n ,  c o l o r  naming, percept ion  of t h e  v e r t i c a l ,  per-  
cep t ion  of d i s t a n c e  and depth,  and es t ima t ion  of a r e a .  Only 
one non-visual experiment has  been i d e n t i f i e d  which e n t a i l s  
t11e percept ion  of weight,  
The t i t l e s ,  o b j e c t i v e s  , v a r i a b l e s ,  da ta  a c q u i s i t i o n  and 
recording  requirements ,  number of  a s t r o n a u t s ,  time e s t i m a t e s ,  
a s t r o n a u t  l o c a t i o n ,  and equipment requirements f o r  candida te  
experiments a r e  presented  on t h e  fol lowing pages. 
TITLE : 
SENSORY EXPERIIQCNT CANDIDATE 1 
Color d i f f e r e n t i a t i o n  i n  t h e  lunar  environment. 
Determine a s t r o n a u t ' s  a b i l i t y  t o  d i f f e r e n t i a t e  c o l o r s ,  
METHOD : By comparing one of t h e  I\runsell s tandard  co lo r  c h a r t s  
wi th  each of a  s e r i e s  of comparison c h a r t s  t h e  a s t r o -  
naut  w i l l  i n d i c a t e  which of t h e  a l t e r n a t i v e s  matches 
t h e  s tandard  hue, va lue ,  and chroma. This procedure 
w i l l  cont inue f o r  a  number of  matchings. 
INDEPENDENT Location of t h e  sun - d i r e c t l y  t o  t h e  r e a r ,  d i r e c t l y  
VARIABLES : i n  f r o n t ,  and t o  t h e  s i d e  of t h e  a s t ronau t .  
DEPENDENT Degree of dev ia t ion  from accura'e match along each 
VARIZiB1,E S : of t h r e e  dimensions - hue, va lue ,  and chroma. Time 
t o  complete t h e  judgment. 
DATA ACQUI- A l l  responses made by t h e  a s t r o n a u t  w i l l  be ve rba l  
S I T I O N  AND and t h e s e  responses w i l l  be  recorded on t h e  mission 
RECORDING: t ape  recorder  wi th  a  time re fe rence .  
LilUMBER O F  One f o r  each sess ion .  
ASTRONAUTS 
REQUIKED : 
TIME ESTLM- T h i r t y  seconds f o r  se tup ,  10 seconds each match. 
ATES : 
ASTRONAUT Lu.nar su r face .  
LOCATION: 
EQUIPMENT Spot photometer, Munsell c o l o r  ca rds .  
REQUIRED : 
PROCEDURES : The a s t r o n a u t  w i l l  measure t h e  b r igh tness  of  each 
c h a r t  wi th  a  photometer a f t e r  o r i e n t i n g  himself wi th  
r e s p e c t  t o  t h e  sun, a s  d i r e c t e d  by t h e  experiment 
procedures ,  while  s tanding  on t h e  lunar  su r face .  He 
w i l l  then match a  s e l e c t e d  number of co lo r  c h a r t s ,  
t u r n  t o  t h e  nex t  o r i e n t a t i o n  and complete t h e  same 
procedure wi th  a  d i f f e r e n t  s e t  of c h a r t s ,  
SENSORY EXPERIP4ENT CANDIDATE 2 
TITLE : Color naming on t h e  lunar  su r face .  
OBJECTIVE: Define t h e  e f f e c t s  o f  luna r  l i g h t i n g  on t h e  a s t r o n a u t ' s  
a b i l i t y  t o  i d e n t i f y  co lo r  by name. 
METHOD: The a s t r o n a u t  w i l l  expose Munsell c o l o r  c h a r t s  fol lowing 
a pre-arranged sequence and i d e n t i f y  each c h a r t  by 
c o l o r  name wi th in  t h e  c o n s t r a i n t s  of some f ixed  number 
of choices .  
INDEPENDENT Locat ion of t h e  sun - d i r e c t l y  t o  t h e  r e a r ,  d i r e c t l y  
VARIABLES : i n  f r o n t ,  and t o  t h e  s i d e  of t h e  a s t r o n a u t .  
DEPENDENT Consistency of co lo r  naming beha.vior on t h e  lunar  su r -  
VARIABLES : f ace  wi th  responses e l i c i t e d  on e a r t h .  
DATA ACQUI- Verbal responses s t o r e d  on t ape .  
SITION AND 
RECORDING : 
NUMBER OF One f o r  each sess ion .  
ASTRONAUTS 
REQUIRED : 
TIME Th i r ty  seconds f o r  se tup ,  t e n  seconds each t r i a l .  
ESTIMATES : 
AS TKONAUT Lunar su r face .  
LOCATION: 
EQUIPMENT Spot photometer, Munsell c o l o r  c h a r t s .  
REQUIRED : 
PROCEDURES : Same a s  those  c i t e d  f o r  Experiment 1. 
TITLE : 
OBJECTIVE : 


















SENSORY EXPERIMENT CANDIDATE 3 
Pecept ion '  of the  upr igh t .  
Determine c a p a b i l i t y  of t h e  a s t r o n a u t  t o  v i s u a l l y  
pe rce ive  t h e  u p r i g h t  . 
One a s t r o n a u t  on t h e  lunar  s u r f a c e  w i l l  s e t  an e r e c t  
rod  a given angular  dev ia t ion  from v e r t i c a l ,  T22e 
a s t r o n a u t  i n  t h e  LM, on viewing t h e  rod through t h e  
L M  window, w i l l  a t tempt  t o  e s t ima te  t h e  o f f s e t  from 
v e r t i c a l .  
Degress of dev ia t ion  from v e r t i c a l .  
Accuracy of  judgments. 
Voice response recorded on tape .  
Two - one experimenter and one s u b j e c t .  
Three minutes se tup ,  10 seconds run time pe r  session..  
One i n  LM and one on lunar  s u r f a c e .  
S p e c i a l l y  cons t ruc ted  v a r i a b l e  p o s i t i o n  rod and 
d e v i a t i o n  measuring s c a l e .  Photometer. 
The EVA a s t r o n a u t  w i l l  s e t  t h e  rod a known d i s t a n c e  
from LM and w i l l  o f f s e t  it from v e r t i c a l  a given 
number of  degrees.  The LM a s t r o n a u t  w i l l  then view 
t h e  rod and judge whether it i s  o r  i s  n o t  a l igned  
t o  t h e  v e r t i c a l .  This procedure w i l l  be  completed 
f o r  a t  l e a s t  30 s e t t i n g s .  






VAR IABLE S : 
DATA ACQUI- 
S I T I O N  AND 
RECORDING : 
. 










Percept ion of depth and d i s t a n c e .  
Determine c a p a b i l i t y  of a s t r o n a u t  t o  v i s u a l l y  
judge d i s t a n c e s  . 
Assuming t h a t  both  a s t r o n a u t s  w i l l  n o t  be on t h e  
lunar  su r face  a t  t h e  same t ime,  t h e  e x t e r n a l  a s t r o -  
nau t  w i l l  judge the  d i s t a n c e  t o  a  f ixed  number of  
t e r r a i n  f e a t u r e s .  These es t ima tes  w i l l  be recorded 
by t h e  astronaut:  i n  the  LM. A f t e r  t h e  judgments 
t h e  e x t e r n a l  a s t r o n a u t  w i l l  measure t h e  a c t u a l  
d i s t a n c e  t o  each of the  f e a t u r e s  from t h e  es t ima t ion  
loca t ion .  
Location of t h e  sun wi th  r e s p e c t  t o  t h e  t e r r a i n  
f e a t u r e .  
Dif ferences  between a c t u a l  d i s t a n c e s  and perceived 
d i s t a n c e s .  
Data acqui red  and recorded by LM a s t r o n a u t .  
Two - one experimenter and one s u b j e c t .  
One minute se tup ,  f i v e  minutes per  t r i a l  including 
measurement of a c t u a l  d i s t a n c e .  
Lunar su r face .  
Measuring device ,  photometer. 
Measure t h e  b r i g h t n e s s  of a  f e a t u r e .  
Estimate t h e  d i s t a n c e  t o  t h e  f e a t u r e .  
Measure t h e  d i s t a n c e  t o  t h e  f e a t u r e .  










RECORD ILVG : 









Estimation of a rea  i n  t h e  lunar  environment. 
Determination of t h e  degree t o  which a s t r o n a u t s  
can make equal  a rea  judgments i n  the  lunar  
environment, 
The s u b j e c t  on t h e  lunar  su r face  w i l l  move a rod 
a c r o s s  t h e  f ace  of geometr ica l ly  shaped two dimen- 
sional.  f i g u r e s .  The a s t r o n a u t  i n  t h e  L M  w i l l  
i n s t r u c t  him t o  s t o p  d i s p l a c i n g  t h e  rod when he 
judges t h e  f i g u r e  t o  be b i s e c t e d  such t h a t  equal  
a r e a s  appear on t h e  two s i d e s  of the  rod. 
None 
Deviat ion of a rea  judgments from a c t u a l  a reas .  
Voice responses recorded on tape .  
Two - one on the  lunar  su r face  se rv ing  a s  exper i -  
menter - one i n  t h e  LM se rv ing  a s  t h e  s u b j e c t .  
Two minutes se tup ,  t e n  seconds per  judgment. 
One i n  LM and one on lunar  su r face .  
Spec ia l  f i g u r e s ,  means of b i s e c t i n g  f i g u r e s ,  photometer, 
PROCEDURES : See method 
SENSORY E X P E R I b E N T  CANDIDATl3 6 
T I T L E  : 
O B J E C T I V E  : 






S I T I O N  AND 
RECORDING : 










P e r c e p t i o n  of w e i g h t .  
D e t e r m i n e  the  e f f e c t s  of L u n a r  g r a v i t y  on w e i g h t  
perception. 
S u b j e c t s  will h e f t  bags c o n t a i n i n g  rock s a m p l e s  and 
m a k e  a b s o l u t e  j u d g m e n t s  of w e i g h t .  T h e  c o l l e c t i o n ,  
depos i t  i n  bags,  w e i g h i n g ,  and s to rage  of these 
s a m p l e s  i s  a l ready  an  i n t e g r a l  p a r t  of the  A p o l l o  
m i s s  i o n ,  
N o n e  
M e a s u r e s  of the degree and  d i r e c t i o n  of t h e  error 
b e t w e e n  a c t u a l  and perceived w e i g h t  as  c o m p a r e d  
w i t h  j u d g m e n t s  obtained on ea r th .  
V o i c e  response recorded on tape. 
' a  
O n e  per sess ion.  
T e n  seconds per  j u d g m e n t .  
A t  t i m e  of judging - e i t h e r  on l u n a r  s u r f a c e  o r  i n  
LM. 
N o n e  i n  a d d i t i o n  t o  e x i s t i n g  e q u i p m e n t .  
S e e  m e t h o d .  
Candida te  exper iments  which a r e  des igned  t o  p rov ide  
i n  forma t i o n  on a s t r o n a u t  c a p a b i l  i t y  t o  maneuver abou t  the 
l u n a r  s u r f a c e  can be d e s c r i b e d  i n  one exper iment  where t h e  
a s t r o n a u t  walks a measured d i s t a n c e  w i t h  and w i t h o u t  l o a d s  
and one i n  which h e  performs bending,  k n e e l i n g ,  and s q u a t t i n g  
maneuvers w h i l e  on t h e  s u r f a c e ,  




















Astronaut  maneuverabi l i ty  on t h e  lunar  su r face .  
Measure a s t r o n a u t  maneuverabi l i ty  c a p a b i l i t y  on t h e  
lunar  sur face .  
The a s t r o n a u t  w i l l  walk a measured course a t  a l e i -  
s u r e l y  speed, r e t u r n  a t  t h e  same speed, p ick  up a 
load  of known weight,  and t r a v e r s e  t h e  same course.  
This  procedure w i l l  be repeated  f o r  a t  l e a s t  t1.\7o 
types  of t e r r a i n  - f l a t  t e r r a i n  and gradual  s l o p e s ,  
and one course w i l l  r e q u i r e  t h e  a s t r o n a u t  t o  walk 
toward and away from sun while  the  o t h e r  requ.ires 
a course  which p laces  t h e  sun t o  t h e  s i d e .  
Courses wi th  r e s p e c t  t o  t h e  sun p o s i t i o n  r e l a t i v e  t o  
t h e  a s t r o n a u t  and wi th  r e s p e c t  t o  t h e  t e r r a i n .  Four 
courses  of the  same d i s t a n c e  w i l l  be r equ i red  which 
inc lude  : 
. f l a t  t e r r a i n  i n  l i n e  wi th  t h e  sun 
. f l a t  t e r r a i n  wi th  sun t o  the  s i d e  
. sloped t e r r a i n  i n  l i n e  wi th  the  sun 
s loped t e r r a i n  wi th  sun t o  s i d e  
Phys io logica l  measures such a s  r e s p i r a t i o n  r a t e  and 
h e a r t  r a t e .  Time t o  complete t h e  t r a v e r s e .  
A l l  d a t a  w i l l  be measured through t h e  biomedical 
measuring system and through t h e  use of  a s t o p  
watch operated by t h e  a s t r o n a u t .  
One a t  a time. 
Approximately 20  minutes pe r  a s t ronau t .  
Lunar sur face .  
Stop watch. 
See method. 
MOTOR EXPERIMENT CANDIDATE 2 
TITLE : Astronaut  performance of knee l ing ,  bending, s q u a t t i n g .  
OBJECTIVE : Measure energy expenditures  a s s o c i a t e d  wi th  whole 
body movements. 
METHOD : Astronauts  w i l l  perform knee l ing ,  bending, and 
s q u a t t i n g  wi th  and wi thout  mobi l i ty  a i d s .  
INDEPENDENT Type of t e r r a i n  - loose  o r  f i rm.  Use of mobi l i ty  
VARIABLES : a i d  ( s t a f f ,  e t c .  ) . 
DEPENDENT Resp i ra t ion  r a t e  and h e a r t  r a t e .  
VARIABLES : Time t o  perform each opera t ion .  
DATA ACQUI- Biomedical d a t a  recorded au tomat ica l ly .  
SLTION AND Time d a t a  recorded by t h e  a s t r o n a u t .  
RECORDING : 
T I M E  5 minutes pe r  a s t r o n a u t .  
ESTIMATES : 
ASTRONAUT Lunar su r face .  
LOCATION : 
PROCEDURE : The a s t r o n a u t  w i l l  knee l ,  squa t ,  and bend a t  t h e  w a i s t  
whi le  us ing  and n o t  us ing  mobi l i ty  a i d s .  
Time t o  perform each opera t ion  and energy expendi tures  
w i l l  comprise performance measures= 
CHAPTER V I I  
CONCLUSIONS AND RECOMMENDATIONS 
A. General  
Conc,usion 1 From t h e  survey  and a n a l y s i s  of  r e s e a r c h  
r e s u l t s  concerning a s t r o n a u t  performance c a p a b i l i t y  on t h e  
l u n a r  environment it i s  concluded t h a t  much i s  y e t  t o  be  
l e a r n e d  r e l a t i v e  t o  s p e c i f i c  performance c a p a b i l i t i e s .  The 
f i n d i n g s  r e p o r t e d  a r e  g e n e r a l l y  incomplete ,  sometimes q u e s t i o n a b l e ,  
and even c o n t r a d i c t i n g ,  
Recommendation 1, I t  i s  recommended t h a t  a d d i t i o n a l  
r e s e a r c h  be conducted which emphasizes t h e  i n t e ~ a c t i v e  e f f e c t s  
of d i f f e r e n t  e lements  of t h e  environment r a t h e r  t han  merely 
t h e  s p e c i f i c  e f f e c t s  of i n d i v i d u a l  f a c t o r s .  
Conclusion 2 While human performance on l u n a r  miss ions  
i s  c o n t i n u a l l y  c i t e d  a s  a  prime c o n t r i b u t o r  t o  miss ion  s u c c e s s ,  
t h e  miss ions  a r e  u s u a l l y  s t r u c t u r e d  t o  p rov ide  d a t a  concerning 
t h e  moon i t s e l f  w i t h  l i t t l e  o r  no a t t e n t i o n  t o  a c q u i r i n g  
in format ion  concerning a s t r o n a u t  performance i n  t h e  environment. 
Recommendation 2 An a s t r o n a u t  performance r e s e a r c h  
program i s  recon~mended which w i l l  s t r u c t u r e  t h e  r e s e a r c h  
requi rements  concerning s p e c i f i c  a s p e c t s  o f  a s t r o n a u t  performance 
and which w i l l  en su re  t h a t  a l l  p o t e n t i a l  problem a r e a s  a r e  
r e s o l v e d  p r i o r  t o  manned l u n a r  mi s s ions ,  This  program b r i l l  
a l s o  d e f i n e  t h e  a c t i v i t i e s  of a s t r o n a u t s  wh i l e  on t h e  s u r f a c e  
which will lead to a verification of simulation results 
and an upgrading of simulation fidelity. 
Conclusion 3 Much of the available data reflecting 
expected astronaut performance in the lunar environment 
is questionable due to problems with experimental design and 
methodology, and simulation fidelity. 
Recommendation 3 It is recommended that a study of 
lunar environment simu-ltion techniques be undertaken as soon 
as possible to delineate the f ideli-ty req~lirements and capabilities 
of available techniques to meet these requirements, 
Conclusion 4 Many of the reported problem areas for 
astronaut performance can be reduced or eliminated through 
engineering design, modifications in procedures, and training, 
Reconunendation 4 The astronaut performance research 
program should be concerned not only with defining astronaut 
performance capability but also with identifying approaches 
to reduce the observed problems. 
B. Visual Performance 
Conclusion_l, Visual performance on the moon could be 
severely degraded due to the directionality of reflected light, 
low light levels, extremely sharp contrast between light and 
shadow, absence of a diffusing atmosphere, and absence of 
size constancy standards. 
Recornmendation 1 The nature and degree of degradation 
- 
as well as techniques to reduce it must be determined from 
a d d i t i o n a l  research .  S p e c i f i c  s t u d i e s  a r e  recommended i n  
Chapter V of t h i s  volume. 
Conclusion 2 The appearance of t h e  lunar  scene w i l l  
vary wi th  t h e  r e l a t i o n s h i p  of look angle  and i l lumina t ion  source  
angle .  
Recornn~endation 2 Research i s  requi red  t o  determine t h e  
degree t o  which visu-a1 performance v a r i e s  wi th  look angle ,  
sun angle ,  and sun l o c a t i o n .  Research i s  a l s o  requ i red  t o  
s p e c i f y  procedures o r  t r a i n i n g  requirements t o  o f f s e t  problems. 
Conclusion - 3 Astronauts  w i l l  r e q u i r e  a r t i f i c a l  l i g h t  
sources  t o  enhance t h e  l i g h t i n g  environment and f i l l  i n  
shadows. 
Recommendation 3, I t  is recommended t h a t ,  a t  l e a s t  f o r  
Bar ly  Apollo, a l l  excursions and t r a v e r s e s  be preplanned and 
a r t i f i c a l  source number, locatLon, i n t e n s i t y ,  and f i e l d  of 
view be s p e c i f i e d  based on s imula t ion  of t h e s e  excursions.  
Conclustion 4 Acuity on t h e  moon w i l l  probably no t  
d i f f e r  from t h a t  observed on e a r t h  i n  terms of angular  
subtense  b u t  w i l l  d i f f e r  i n  t h a t  it w i l l  depend on t h e  
r e l a t i o n s h i p  of sun l o c a t i o n ,  sun angle ,  and look angle.  
Recommendation 4 Research i s  needed t o  v a l i d a t e  t h i s  
conclusion.  
Conclusion 5 Percept ion of d i s t a n c e  and depth w i l l  be 
degraded, however, t h e  exact  n a t u r e  and degree of t h i s  
decrement has  n o t  been determined. 
Recommendation 5 A luna r  l i g h t i n g  s imula t ion  is 
requ i red  which con ta ins  a  r e p r e s e n t a t i v e  hor izon,  s u r f a c e  
f e a t u r e s ,  albedo, and c o n t r a s t .  With such a s imula t ion  
f a c i l i t y  t h e  e f f e c t s  of t h i s  l i g h t i n g  environment i n  t h e  
percept ion  of d i s t a n c e  and depth can be e s t a b l i s h e d ,  
Conclusion 6 Due t o  t h e  extreme c o n t r a s t  on t h e  lunar  
su r face ,  a s  w e l l  a s  t h e  d i r e c t i o n a l  n a t u r e  of r e f l e c t e d  l i g h t ,  
The percept ion  of form, p a t t e r n ,  and shape w i l l  probably 
be degraded. 
Recommendation 6 The degree of t h i s  degradat ion a s  
w e l l  a s  t h e  e f f e c t  of a r t i f i c a l  l i g h t  sources  must be 
inves t iga ted .  
Conclusion 7 Astronauts  w i l l  probably have some d i f f i c u l t y  
i n  e s t i m a t i n g  t h e  v e r t i c a l  i n  t h e  lunar  environment. 
Recommendation 7 Research i s  needed t o  v e r i f y  t h i s  
conclusion which inc ludes  a r e p r e s e n t a t i v e  s imula t ion  of both  
t h e  l i g h t i n g  environment and t h e  g r a v i t y  environment. 
Conclusion 8 The r i s k  of r e t i n a l  burns from a c c i d e n t l y  
viewing t h e  sun i s  minimal even wi thou t  t h e  v i s o r  s i n c e  t h e  
i n t e n s i t y  of t h e  sun i n  t h e  vacuum of space i s  a  f a c t o r  of 
10 l e s s  than  t h e  minimum l e v e l  a s s o c i a t e d  wi th  r e t i n a l  
damage. 
Recommendation 8 The requirement f o r  t h e  v i s o r  should 
be re-evaluated s i n c e  it r e s u l t s  i n  a  t ransmiss ion  of only 
10 pe rcen t  of t h e  a v a i l a b l e  l i g h t .  
C. Motor Performance 
Conclusion 1 Due to difficulties in methodology and 
fidelity, characteristics of the lunar gait cannot be 
determined from current research. 
Recommendation 1 It is recommended that lunar self 
locomotion be investigated in a simulation facility which 
has no lateral restriction, which simulates the surface 
topography, and which includes a representation of the visual 
environment. 
Conclusion 2 The effect of the reduced gravity on the 
moon is probably to increase the metabolic rate associated 
with self locomotioi~, 
Recommendation 2 The conservative approach of assuming 
an increase in metabolic rate should be employed until 
actually investigated in a carefully controlled, representative 
experiment, This approach places primary emphasis on 
astronaut safety and life support requirements. 
D. Habitability 
Conclusion Due to the availability of the lunar 
surface for exercise, astronauts will require less free volume 
in lunar shelters than they would need in orbital space 
stations. 
Reconmendatj.on Research is required to establish the 
free volume and habitability requirements for lunar shelters. 
E. Radiation 
Conclusion The radiation environment of the moon should 
pose no great problems provided adequate monitoring of dosages 
and solar flare acitvity is assured. 
Recommendation ~adiation monitoring should qualify as 
a high priority activity, at least during early missions. 
